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SYSTEMS AND METHODS OF CONTROLLING LIGHT SYSTEMS 



Field of the Invention 

The present invention relates to lighting systems, and more particularly, embodiments of 
5 the present invention relate to methods and apparatus for controlling van 

Backgroimd 

Networked lighting control has become mcreasingly popular due to tiie variety of 
illumination conditions that can be created. Color Kinetics Incorporated offers a full line of 

10 networked lighting systems as well as controllers and light-show authoring tools. Control 

signals for lighting systems are generally generated and communicated through a network to a 
plurality of lighting systems. Several lighting systems may be arranged in a lighting network and 
information pertaining to each lighting device may be communicated to through the network. 
Each lighting device or system may have a imique identifier or address such that it only reads 

15 and react to information directed at its particular address. 

Summary of the Invention 

Provided herein are methods and systems for generating a control signal for a light 
system. The mediods and systems include facilities for providing a light management £Eicility for 

20 mapping the positions of a plurality of light systems, generating a map file that maps the 
positions of a plurality of light systems, generating an effect using a computer application, 
associating characteristics of the li^ systems with code for the computer application, and 
generating a lighting control signal to control the light systems. 

Provided herein are methods and systems for controlling a light system. The methods 

25 and systems may include providing graphical information; associating a pliuality of addressable 
light systems with locations in an environment; and converting the graphical information to 
control signals capable of controlling the light systems to illuminate the environment in 
correspondence to the graphical infonnatioiL 

Provided herein are methods and systems for controlling a light system. The methods 

30 and systems may include accessing a set of information for producing a graphic; associating a 
plurality of addressable light systems with locations in an environment; and applying an 
algorithm to the graphical information tq convert the graphical information to control signals 
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ccq;>able of controlling the light systems to create an effect in the eaviromnent in correspondence 
to the gr^hical information. 

Provided herein are methods and systems for generating a lighting effect in an 
environment. The methods and systems may include generating an image using a non-lighting 

5 system; associating a pl\n:ality of light systems with positions in an environment; and using the 
association of the light systems and positions to convert the image into control signals for a light 
system, wherein the Ught system generates an effect that corresponds to the image. 

Provided herein are methods and systems for generating a control signal for a lig^t 
system. The methods and systems may include providing a light management facility for 

10 mapping the i)ositions of a plurality of light systrais; using the light management facility to 
generate map files that map the positions of a plurality of li^ systems; usii^ an animation 
facility to generate a plurality of graphics files; associating the positions of the ligiht systems in 
the map files with data in the graphics files; and generating a lighting control signal to control 
the Ught systems in association with the graphics files. 

15 Provided herein are methods and systems for controlling a lighting system. The methods 

and systems may include obtaining a lighting control signal for a plurality of light systems in an 
enviroxmient; obtaining a graphics signal firom a computer; and modifying the lighting control 
signal in response to the content of the gr^hics signal. 

The present invention eliminates many of the problems associated with the prior art. An 

20 embodiment of the invention is a system for generating control signals. The system may allow a 
user to generate an image, representation of an image, algorithm or oth^ effect information. The 
effect information may then be converted to lifting control signals to be saved or 
commimicated to a networiced lighting system. An embodiment of the invention may enable the 
authoring, generation and communication of control signals such that an effect is generated in a 

25 space or area. 

A system according to the principles of the invention may include the generation of 
image information and conversion of the image information to control signals capable of 
controlling a networked lighting system. In an embodiment, configuration information may be 
generated identifying a plurality of addressable lighting systems with locations within an area or 
30 space. In an embodiment, configuration information may be generated associated lighted 

sinfaces with lighting systems. In an embodiment, control signals may be communicated to a 
lighting network comprising a plurality of addressed lighting systems. In an embodiment, sound 
or other effects may be coordinated with lighting control signals. 
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An embodiment of the present invention is a system and method for controlling a 

pluralityof light systems. The system and method nwy include providing a plurality of light 

systems ad^ted to receive wireless communications; providing a transmitter adapted to transmit 

wireless commimication signals; transmitting a lighting control signal from the transmitter to tiie 
5 plurality of light systems; and chanpng a light effect generated by at least one of the plurality of 

light systems in respotise to the lighting control signal. 

An embodiment of the preset invention is a system and method for controlling a 

plurality of light systems. The system and method may include providing a plurality of light 

systems wherein each of the plurality of light systems is adapted to execute a program at a 
10 predetermined time; assembling the plurality in an environment; executing the program in each 

of the ligjit systems at the predetranined tune to provide a lighting effect from each of the light 

systems in the plurality of light systems. 

An embodiment of the present invention is a system and method of communicating with 

a lighting device. The system and method may include providing a mobile light system adapted 
15 to receive communication signals; and communicating with the light system to cause the light 

system to generate a lighting effect 

Anembodiment of the present invention is a light system. The light systeni may include 

a color ^liflTi ging li^t system adapted to receive wireless communications and generate a color 

in response to a received communication. 
20 An embodiment of the present invention is a lighting control system. The lighting 

control S3^stem may include a controller adapted to gen^:ate a first lighting control signal; and a 

wkeless transmitter adapted to transmit the first lighting control signal to a light system. 

Brief Description of the Figures 
25 The following figures depict certain illustrative embodiments of the invention in which 

like reference numerals refer to like elements. These depicted embodiments are to be understood 
as illustrative of the invention and not as limiting in any way. 

Fig. 1 is a representation of an enviroiunent in which a plurality of light systems are 
disposed. 

30 Fig. 2 is a schematic diagram showing control of a plurality of lights using a groiip of 

control elements. 

Fig. 3 is a schematic diagram showing elements for generating a lighting control signal 
using a configuration facility and a graphical representation facility. 
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Fig. 4 is a schematic diagram showing elements for generatmg a lighting control signal 

from an animation &cili1y and light management &cili1y. 

Fig, 5 illustrates a configuration file for data relating to li^t systems in an environment 
Fig. 6 illiistrates a virtual representation of an envboiunent using a computer screen. 
5 Fig. 7 is a representation of an environment with light systems that project light onto 

portions of the environment 

Fig. 8 is a schematic diagram showing the propagation of an effect through a light 

system. 

Fig- 9 is a flow diagram showing steps for tising an inu^e capture device to determine 
10 the positions of a plurality of light systems in an environment. 

Fig. 10 is a flow diagram showing steps for interacting with a graphical user interface to 
generate a lighting effect in an enviroimient 

Fig, 1 1 is a schematic diagram depicting light systems that transmit data that is generated 
by a network transmitter. 

15 Fig. 12 is a flow diagram showing steps for generating a control signal for a light system 

using an object-oriented programming technique. 

Fig. 13 is a flow diagram for executing a thread to generate a lighting signal for a real 
world light system based on data fiiom a computer application. 

Figure 14 illustrates a lighting system according to the principles of the preset invention. 
20 Figure 15 illustrates a lighting system accordiog to the principles of the present 

Figure 16 illustrates a lightmg system according to the principles of the present invention 
including stadium seating and an image generated in the seating area. 

Figure 17 illustrates a stadiimi Ughting control system according to the principles of the 
present invention. 

25 Figure 1 8 illustrates a stadium Ughting effect according to the principles of the present 

invention. 

Deteiled Description of the Preferred Embodimentfs't 
The description below pertains to several illustrative embodiments of the invention. 
30 Although many variations of the invention may be envisioned by one skilled in the art, such 
variations and improvements are intended to &11 within the compass of this disclosure. Thus, 
the scope of the invention is not to be limited in any way by the disclosure below. 
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An embodiment of this invention relates to systems and noethods for gen»ating control 
signals. The control signals may be used to control a lighting system, lighting netwodc, light, 
LED, LED lighting system, audio system, surround sound system, fog noachine, rain machine, 
electromechanical sj^em or other systems. Lighting systems like those described in U.S. Patent 

5 Nos. 6,016,038, 6,150,774, and 6,166,496 illustrate some different Qrpes of lighting systems 
vAiere control signals may be used. 

To provide an overaU understanding of the invention, certain illustrative embodiments 
will now be described, including various s^lications for progranunable lights and lighting 
systems, including LED-based systems. However, it will be understood by those of oixiinary 

10 skiU in the art that the methods and systems described herein inay be sm 

enviroimients vAxere programmable lighting may be desired, and embodiments described herein 
may be suitable to non-LED based lighting. One of skill in the art would also understand that 
the embodiments described below could be used in conjunction with any type of computer 
software that need not be an authoring tool for lighting control systems, but of various other 

15 ^es of computer application. Further, the user need not be operating a computer, but could be 
operating any type of computing device, capable of running a software application that is 
providing tiiat user with information. 

In certain computer applications, th^ is typically a display soreen (which could be a 
personal computer screen, television screen, laptop screen, handheld, gameboy screen, computer 

20 monitor, flat screen display, LCD display, PDA screen, or other display) that represents a virtual 
environment of some type. There is also typically a user in a real world enviroimient that 
surrounds the display screen. The present invention relates, among other things, to using a 
computer application in ai virtual environment to generate control signals for systems, such as 
lighting systems, that are located in real world environments. 

25 Referring to Fig. 1, in an embodiment of the hivention described herein, an environment 

100 includes one or more light systems 102. As used herein "light systems" should be 
understood ^^ere context is appropriate to comprise all light systems, including LED systems, 
as well as incandescent sources, including filament lamps, pyro-luminescent sources, such as 
flames, candle-luminescent sources, such as gas mantles and carbon arc radiation sources, as 

30 well as photo-luminescent sources, including gaseous discharges, fluorescent sources, 

phosphorescence sources, lasers, electro-luminescent sources, such as electro-luminescent 
lamps, light emitting diodes, and cathode luminescent sources using electronic satiation, as well 
as miscellaneous luminescent sources including galvano-luminescent sources, crystallo- 
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luminescent sources, kine-luminescent sources, thetmo-luminescent sources, tribolwmnescent 
sources, sonoluminescent sources, and radioluminescent sources. li^t systems 102 may also 
include luminescent polymers capable of producing colors, such as primary colors, lii one 
preferred ranbodiment, llie Ught systems 102 are LED-based Ught systems. In one preferred 
5 embodiment, the li^ systems 102 are capable of mixing two colors of Ught, which might be 
re4 green, blue, white, amber, or o&er colors of Ught In one embodiment, the colors of Ughts 
may be different colors of white Ught. i.e., white Ughts of different color temperatures. 

As used hetwn, the tenn "LED" means any system that is capable of receiving an 
electrical signal and producing a color of U^Jit iniesponse to the signal. Hius, the terai "LED" 
10 should be understood to include Ught emitting diodes of aU types. U^ emitting polymers. 

semiconductor dies that produce Ught in response to current, organic LEDs. electro-luminescent 
strips, and other such systems. M an embodiment, an "LED" may refer to a single Ught emitting 
diode having multiple semiconductor dies that are individually conHoUed. It should also be 
understood that the tenn "LED" does not restrict the package type of the LED. The tenn ^XED" 
,5 includes packaged LEDs, non-padcaged LEDs, surface mount LEDs, chip on board LEDs and 
LEDs of aU oAer configurations. Tlie tenn •'LED" also includes LEDs packaged or associated 
with phosphor whetem the phosphor may convert energy from the LED to a different 
wavelengflL An LED system is one type of Ulumination source. 

The tenn "iUuminate" should be understood to refer to flie production of a frequency of 
20 radiation by an iUummation source. Tlie tenns "UghT and "color" should be understood where 
context is appropriate to refer to any frequency of radiation wilhin a spectnmi; that is, a "color" 
of "UghV as used herein, should be understood to encompass a frequency or combmation of 
frequencies not only of the visible spectnim, including white Ught, but also frequencies in the 
infrared and ultraviolet areas of the spectrum, and in other areas of the electromagnetic 
25 spectrum. 

Fig. 2 is a blodc diagram Ulustrating one embodiment of a Ughting system 200. A 
processor 204 is assodated several Ughts 208. The processor sends control signals to the Ughts 
208. Such a system may optionaUy have one or more mtennediate components between the 
processor and the Ughts 208, sudi as one or more controUers, transistors, or the Uke. 
30 As used herem, the tenn processor may refer to any system for processing electronic 

signals. Aprocessormayincludeamicroprocessor,miciocontroUer,programmabledigital 
signal processor, other programmable device, a controUer, addressable controUer, 
microprocessor, microcontroUer, addressable microprocessor, computer, programmable 
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IS 



20 



25 



processor, piogrammable controller, dedicated processor, dedicated controller, integrated circuit, 
control circuit or other processor. A processor may also, or instead, include an application 
specific integrated circuit, a programmable gate array, programmable array logic, a 
programmable logic device, a digital signal processor, an analog-to-digital converter, a digital- 
to-analog converter, or any other device that may be configured to process electronic signals. In 
addition, a processor may include discrete circuitry such as passive or active analog components 
including resistors, capacitors, inductors, transistors, operational amplifiers, and so forth, as well 
as discrete digital components such as logic componraits, shift registers, latehes, or any other 
separately packaged chip or other component for realizing a digital fimction. Any combination 
of the above circuits and components, whether packx^ed discretely, as a chip, as a chipset, or as 
a die, may be suitably adapted to use as a processor as described herein. It will further be 
appreciated that the term processor may apply to an integrated system, such as a personal 
computer, network server, or other system that may operate autonomously or in response to 
commands to process electronic signals such as those described herein. Where a processor 
includes a programmable device such as the microprocessor or microcontroller mentioned 
above, the processor may fijrfher include computer executable code that controls operation of the 
progranmiable device. In an embodiment, the processor 204 is a Microchip PIC processor 
12C672 and tihe lights 208 are LEDs, such as red, green and blue LEDs. 

The processor 204 may optionally include or be used in association witii various other 
components and control elements (not shown), such as a pulse width modulator, pulse amplitude 
modulator, piilse displacement modulator, resistor ladder, current source, voltage source, voltage 
ladder, switch, transistor, voltage controller, or other controller. The control elements and 
processor 204 can control current, voltage and/or power through the lights 208. 

In an embodiment, several LEDs with different spectral output may be used as lights 208- 
Each of these colors may be driven throi^ separate channels of control. The processor 204 and 
controller may be incorporated into one device. This device may power capabilities to drive 
several LEDs in a string or it may only be able to support one or a few LEDs directly. The 
processor 204 and controller may also be separate devices. By controlling the LEDs 
independently, color mixing can be achieved for the oreation of ligihting effects. 

In an embodiment, memory 210 may also be provided. The memory 210 is capable of 
storing algorithms, tables, or values associated with the control signals. The memory 210 may 
store programs for controlling the processor 204, otiier components, and lights 208. The 
memory 210 may be memory, read-only memory, programmable memory, programmable read- 
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only memoiy, electronically erasable progranoonable read-only manory, random access memory, ^ 
dynamic random access memory, double data rate random access memory, Rambus direct 
random access memory, flash memory, or any other volatile or non-volatile memory for storing 
program instructions, program data, address information, and program output or other 
5 intermediate or final results. 

A program, for example, may store control signals to operate several different colored 
lights 208. A user interface 202 may also optionally be associated with the processor 204. The 
user interface 202 may be used to select a program from memory, modify a program firom 
memory, modify a program parameter from memory, select an external signal or provide other 
10 user interfece solutions. Sev^ methods of color mixing and pulse width modulation control 
are disclosed in U.S. Patent 6,016,038 "Multicolored LED lighting Method and Apparatus," the 
entire disclosure of ^ch is incorporated by reference hereiiL The processor 204 can also be 
addressable to receive programming signals addressed to it For example, a processor 204 can 
receive a stream of data (or lighting control signals) that includes data elements for multiple 
15 sunilar processors or other devices, and the processor 204 can extract from tiie stream the 
appropriate data elements that are addressed to it. In an embodiment, the user interface can 
include an authoring system for generating a lighting control signal, such as described in more 
detail below. 

There have been significant advances in the control of LBDs. U.S. Patents m the field of 
20 LED control mclude Ser. Nos. 6,016,038, 6,150,774, and 6,166,496. U.S. Patent AppKcation 
No. 09/716,819 for "Systems and Methods for Generating and Modulating Illumination 
Conditions" also describes, among oQicr things, systrais and controls. The entire disclosure of 
all these documents is herein incorporated by reference. 

In embodiments of the invention, the lighting system may be used to illimainate an 
25 environment. On such enviroimient 100 is shown in Fig. 1 . The environment has at least one 
light system 102 mounted therein, and in a preferred embodiment may have multiple light 
systems 102 therein. The light system 102 may be a controllable light system 102, such as 
described above m connection with Fig. 2, with lig;hts 208 that illuminate portions of the 
enviroimient 100. 

30 Generally the light systems 102 can be mounted in a manner that a viewer m the 

envux)nment 100 can see either the illummation projected by a light system 102 direcfly, or the 
viewer sees the illumination indkectly, such as after the illumination bounces off a surface, or 
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llirough a lens, filter, optic, housing, screCT, or similar element that is designed to reflect, 
difiiise, refract, difOract, or otherwise affect the illumination firom the light system 102. 

The light systems 102 in combination comprise a lighting or illumination system. The 
lighting system may be in communication with a control system or other user interface 202, such 

5 as a computer, by any manner known to one of skill in the art which can include, but is not 

limited to: wired connections, cable connections, infrared (JR) connections, radio frequency (RF) 
connections, any otiier type of connection, or any combination of the above. 

Various control systems can be used to generate lighting control signals, as described 
below, hi one embodiment, control may be passed to the lighting system via a video-to*DMX 

10 device, vMdi provides a simple way of generating the lighting signal. Such a device may have a 
video-in port and a pass-through video-out port. The device may also have a lighting signal port 
where the DMX, or other protocol data, is communicated to the lights in the room. The device 
may apply an algorithm to the received video signal (e.g. average, average of a given section or 
time period, max, min) and then generate a lighting signal corresponding to the algorithm 

15 output For example, the device may average the signal over the period of one second with a 
resultant value equal to blue light The device may then generate blue Ught signals and 
communicate then! to the lighting system. In an embodiment, a simple system would 
communicate the same averaged signal to all of the lights in the room, but a variant would be to 
communicate the average of a portion of the signal to one portion of the room. There are many 

20 ways of partitioning the video signal, and algorithms could be ^plied to the various sections of 
the light sj^m, thus providing different inputs based on the same video sijgnal. 

Referring still to Fig. 1, the environment 100 may include a sur&ce 107 that is lit by one 
or more lighting systems 102. In the depicted embodiment the surface 107 comprises a wall or 
other surface upon which li^t could be reflected. In anotiier embodiment, the surface could be 

25 designed to absorb and retransmit Ught, possibly at a different frequency. For instance the 
sur&ce 107 could be a screen coated with a phosphor where illumination of a particular color 
could be projected on the screen and the screen could convert the color of the illimiination and 
provide a different color of illumination to a viewer in the envux)nment 100. For instance the 
projected illmnination could primarily be in tiie blue, violet or ultraviolet range i^^e the 

30 transmitted light is more of a white. In embodiments, the surface 107 may also include one or 
more colors, figures, lines, designs, figures, pictures, photographs, textm:es, shapes or other 
visual or graphical elements that can be illuminated by the lighting system. The elements on the 
surface can be created by textmres, materials, coatings, painting, dyes, pigments, coverings. 
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fabrics, or ofher methods or mechanisms for rend^ing graphical or visual effects. In 

embodimoits, changing the illimiination from the lighting system may a:eate visual effects. For 

example, a picture on the surface 107 may fade or disappear, or become more apparent or 

reappear, based on the color of the light from the lighting system that is rendered on the surface 

5 107. Thus, effects can be created on the surface 107 not only by shining light on a plain surface, 
but also through the interaction of light with the visual or graphical elements on the sur&ce. 

In certain preferred embodiments, the light systems 102 are networked lifting systems 
where the lighting control signals are packaged into packets of addressed informatioiL The 
addressed information may then be conmiunicated to the lifting systems in the lighting 

10 network. Each of ^e lifting systems may then respond to the control signals that are addressed 
to the particular lighting system. This is an extremely useful arrangement for generating and 
coordinating lighting effects in across several lighting systems. Embodiments of U.S. Patent 
Application No. 09/616,214 "Systems and Methods for Authoring Lighting Sequences" describe 
systems and methods for generating system control signals and is herby incorporated by 

IS refer^ce herein. 

A lighting system, or other system according to the principles of the present invention, 
may be associated with an addressable controller. The addressable controller may be arranged to 
"listen" to network information until it "hears" its address. Once the systems address is 
identified, the system may read and respond to the information in a data packet that is assigned 

20 to the address. For example, a lighting system nwy include an addressable controller. The 

addressable controller may also include an alterable address and a user may set the address of the 
system. The lighting system may be connected to a network where network information is 
communicated. The network may be used to commxmicate information to many controlled 
systems such as a plurality of lighting systems for example. In such an arrangement, each of the 

25 pluralily of lighting systems may be receiving information pertaining to more than one lighting 
system. The information may be in the form of a bit stream v^ere information for a first 
addressed lighting system is followed by information directed at a second addressed lighting 
system. An^ampleof such a lighting system can be found in U.S. Patent No. 6,016,038, 
which is herby incorporated by reference hereiiL 

30 Referring to Fig. 1 1 , in one embodiment of a networked lighting system according to the 

principles of the invention, a network transmitter 1 102 communicates network information to the 
light systems 102. In such an embodiment, the light systems 102 can include an input port 1 104 
and an export port 1 108. The network information may be commimicated to the first light 
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system 102 and die first light system 102 may read the infomiation that is addressed to it and 

pass the remaining portion of the information on to the next light system 1 02. A person with 

ordinary skill in the art wovdd appreciate that there are other network topologies that are 

encompassed by a system according to the principles of the present invention. 

5 In an embodiment, the li^t system 102 is placed in a real world environment 1 00. The 

real world environment 100 could be a room. The lighting system could be arranged, for 
example, to light the walls, ceiling, floor or other sections or objects in a room, or particular 
sur&ces 107 of the room. The lighting system may include several addressable light systems 
1 02 with individual addresses. The illumination can be projected so as to be visible to a vieiver 

10 in the room either directiy or indirectly. That is a light 208 of a light system 102 could shine so 
that the light is projected to the viewer without reflection, or could be reflected, refracted, 
absorbed and reemitted, or in any other manner indirectiy presented to the viewer. 

An embodiment of the present invention describes a method for generating control 
signals as illustrated in the block diagram in Fig. 3. The method may involve providing or 

15 genemting an image or representation of an image, i.e., a graphical representation 302. The 
graphical representation may be a static image such as a drawing, photogrcqph, generated image, 
or image that is or appears to be static. The static image may include im^es displayed on a 
computer s^een or other screen even though the image is continually being refreshed on the 
screen. The static image may also be ahard copy of an image. 

20 Providing a graphical representation 302 may also involve generating an image or 

representation of an image. For example, a processor may be used to execute software to 
generate the graphical representation 302. Again, the image that is generated may be or appear 
to be static or the image may be dynamic. An example of software used to generate a dynamic 
image is Flash 5 computer software offered by Macromedia, Incorporated. Flash 5 is a widely 

25 used computer program to generate graphics, images and animations. Other useful products 
used to generate images include, for example, Adobe Illustrator, Adobe Photoshop, and Adobe 
LiveMotion. There are many other prograins tibat can be used to generate both static and 
dynamic images. For example, Microsoft Corporation makes a computer program Paint. This 
software is used to generate images on a screen in a bit map format Otiier software programs 

30 may be used to generate images in bitm^s, vector coordinates, or other techniques. There are 
also many programs that render graphics in three dimensions or more. Direct X libraries, from 
Microsoft Corporation, for example generate images in three-dimensional space. The output of 
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any of the foregoing software programs or similar programs can serve as the grs^hical 
representation 302. 

In embodiments the graphical representation 302 may be generated using software 
executed on a processor but the graphical representation 302 may never be displayed on a screen, 

5 In an embodiment, an algorithm may generate an image or representation therof , such as an 

explosion in a room for example. The explosion function may generate an image and this image 
may be used to generate control signals as described herein with or without actually displaying 
the image on a screen. The image may be displayed through a lighting network for example 
without ever being displayed on a screen. 

10 In an embodiment, generating or representing an image may be accomplished through a 

program that is executed on a processor. In an embodiment, the purpose of generating the knage 
or representation of the image may be to provide information defined in a space. For example, 
the generation of an image may define how a lighting effect travels through a room. The lightmg 
effect may represent an explosion, for example. The representation may initiate bri^t white 

15 light in the comer of a room and the light may travel away from this comer of the room at a 
velocity (with sfpeed and direction) and the color of the light may change as the propagation of 
the effect continues. An illustration of an envkonment 100 showing vectors 104 demonstrating 
tiie velocity of certain lighting effects is illustrated in Fig. 1. In an embodiment, an image 
generator may generate a ftmction or algorithm. The function or algorithm may represent an 

20 event such as an explosion, lighting strike, headlights, train passing through a room, bullet shot 
through a room, light moving through a room, sunrise aax>ss a room, or other event The 
function or algorithm may represent an image such as lights swbrling in a room, balls of light 
bouncing in a room, sounds bouncing in a room, or other images. The function or algoritimi 
may also represent randomly generated effects or other effects. 

25 Referring again to Fig. 3, a light system configuration facility 304 may accomplish 

further steps for the methods and systems described herein. The light system configuration 
facility may generate a system configuration file, configuration data or other configuration 
information for a lighting system, such as tiie one depicted in connection with Fig. 1 . 

The light system configuration fEicility can represent or correlate a systemi, such as a light 

30 system 102, sound system or other systeai as described herein with a position or positions in the 
environment 100. For example, an LED light system 102 may be correlated with a position 
within a room. In an embodiment, the location of a lighted surface 107 may also be determined 
for inclusion into the configuration file. The position of the lighted surface may also be 
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associated witib a light system 102. In embodiments, the lighted suifiice 107 may be the desired 
parameter while flie light system 1 02 that generates the light to illuminate the surfiice is also 
important Lighting control signals may be commmiicated to a light system 102 when a svirface 
is scheduled to be lit by the light sj^m 102, For example, control signals may be 
5 communicated to a lightmg system when a generated image calls for a particular section of a 
room to change in hue, saturation or brightness. In this situation, the control signals may be used 
to control the lightmg system such that the lighted surface 107 is illuminated at the proper time. 
The lighted surface 107 may be located on a wall but the light system 102 designed to project 
light onto the sur&ce 107 may be located on the ceiling. The configuration information could be 

10 arranged to initiate the light system 102 to activate or change when the surface 107 is to be lit. 
Referring still to Fig. 3, the graphical representation 302 and the configuration 
information from the li^t system configuration facility 304 can be delivered to a conversion 
module 308, which associates position information from the configuration facility with 
information from the graphical representation and converts the information into a control signal, 

IS such as a control signal for a light system 102. Then the conversion module can commimicate 
the control signal, such as to the light system 102. In embodiments the conversion module maps 
positions in the graphical representation to positions of light systems 102 in the ravirohment, as 
stored in a configuration file for the enviroxmaent (as described below). The mapping might be a 
one-to-one mapping of pbcels or groups of pixels in the grs^hical representation to light systems 

20 102 or groups of light systems 102 in the environment 100. It could be a m^iping of pixels in 
the graphical representation to sur&ces 107, polygons, or objects in the environment that are lit 
by light systems 102, It could be a mapping of vector coordinate information, a wave fimction, 
or algorithm to positions of light systems 102. Many different mapping relations can be 
envisioned and are encompassed herein. 

25 Referring to Fig. 4, another embodiment of a block diagram for a method and system for 

generating a control signal is depicted. A light managernent fiicility 402 is used to generate a 
m£^ file 404 that maps light systems 102 to positions in an environment, to surfaces that are lit 
by the light systems, and the Uke. An animation facility 408 generates a sequence of graphics 
files for an animation effect A conversion module 412 relates the information in the map file 

30 404 for the light systems 1 02 to the graphical information in the graphics files. For example, 
color information in the graphics file may be used to convert to a color control signal for a light 
system to generate a similar color. Pixel information for the graphics file may be converted to 
address information for light systems which will correspond to the pixels in question. In 
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embodiments, the comrersion module 412 includes a lookup table for converting particular 
graphics file information into particular lighting control signals, based on the content of a 
configuration file for the lifting system and conversion algorithms appropriate for the 
animation facility in question. The converted information can be sent to a playback tool 414. 
5 which may in turn play the anintiation and deliver control signals 41 8 to light systems 1 02 in an 
enviroimient 

Referring to Fig. 5, an embodiment of a configuration file 500 is depicted, showing 
certam elements of configuration information that can be stored for a light system 102 or other 
^tem. Thus, the configuration file 500 can store an identifier 502 for each light system 102, as 

10 well as the position 508 of that light system in a desired coordinate or mapping system for the 
environment 100 (which may be (x,y,z) coordinates, polar coordinates, (x,y) coordinates, or the 
like). The position 508 and other mformation may be time-dependent, so the configuration file 
500 can include an element of time 504. The configuration file 500 can also store information 
about the position 510 that is lit by the light system 102. That information can consist of a set of 

15 coordinates, or it may be an identified surface, polygon, object, or other item m the environment. 
The configuration file 500 can also store information about the available degrees of freedom for 
use of the light system 102, such as available colors in a color range 512, available intensities in 
an intensity range 5 14, or the like. The configuration file 500 can also include information about 
other systems in the environment that are controlled by the control systems disclosed herein, 

20 information about the characteristics of surfeces 107 in the environment, and the like. Thus, the 
configuration file 500 can map a set of light systems 102 to the conditions that they are enable 
of generating in an environment 100. 

In an embodiment, configuration information such as the configuration file 500 may be 
generated using a program executed on a processor. Referring to Fig. 6, the program may run on 

25 a computer 600 witii a graphical user interface 612 where a representation of an enviroimient 
602 can be displayed, showing light systems 102, lit surfaces 107 or other clients in a 
graphical format The interface may include a representation 602 of a room for example. 
Representations of lights, lighted surfaces or other systems may then^ be presented m the 
inteifiice 612 and locations can be assigned to the system. In an embodiment, position 

30 coordinates or a position map may represent a system, such as a light system. A position map 
may also be generated for the representation of a lighted surfece for example. Figure 6 illustrates 
a room with light systems 102. 
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The representation 602 also be used to simplify gen^^ For example, a 

set of stored effects can be represented by icons 610 on the screen 612^ An e3q>losion icon can 
be selected with a cursor or mouse, which may prompt the user to click on a starting and ending 
point for the explosion in the coordinate system. By locating a vector in the representation, the 
5 * user can cause an explosion to be initiated in the upper comer of the room 602 and a wave of 
light and or sound may propagate through the environment. With all of the light systems 1 02 in 
predetemuned positions, as identified in the configuration file SOO, the representation of the 
explosion can be played in the room by the light system and or anotiier system such as a sound 
system. 

10 In use, a control system such as used herein can be used to provide infonn^ 

or progranomer fi'om the light systems 102 in response to or in coordination with the information 
being provided to the user of the computer 600. One example of how this can be provided is in 
conjunction with the user generating a computer animation on the computer 600. The light 
system 102 may be used to create one or more light effects in response to displays 612 on tiie 

15 computer 600. The lighting effects, or illimiination effects, can produce a vast variety of effects 
including color-changing effects; stroboscopic effects; flashing effects; coordinated lighting 
effects; lighting effects coordinated with other media such as video or audio; color wash where 
the color changes in hue, saturation or intensity over a p^od of time; creating an ambient color; 
color fiiding; effects that simidate movement such as a color chasing rainbow, a flare streaking 

20 across a room, a sun rising, a plume from an eiq>losion, other moving effects; and many oth^ 
effects. The effects that can be generated are nearly limitiess. light and color continually 
surround tiie user, and controlling or changing the illumination or color in a space can change 
emotions, a:eate atmosphere, provide enhancement of a nmterial or object, or create other 
pleasing and or useful effects. The user of the computer 600 can observe the effects while 

25 modifying them on the display 612, thus enabling a feedback loop that allows the user to 
conveniently modify effects. 

Fig. 7 illustrates how the light from a given light system 102 may be displayed on a 
sur&ce. A light system 102, soimd system, or other system may project onto a surface. In the 
case of a light system 102, this may be an area 702 tiiat is illuminated by the light system 102. 

30 The light system 102, or other system, may also move, so the area 107 may move as well. In the 
case of a sound system, this may be the area >^ere the user desires the sound to emanate from. 

In an embodiment, the information generated to form the image or representation may be 
communicated to a light system 102 or plurality of light systems 102. The information may be 

15 

BNSOGCID: <WO__i02101702A2_L> 



PCTAJS02/19000 

WO 02/101702 , ^, . 

saittoU^itiiigsystemsasgeneratedmaconfigurationfile. For example, the image may. 

represent an explosion that begms in the upper right hand comer of a room 

maypropagatethroughtheroom. As the image propagates through its calculated space, control 

signals can be communicated to lighting systems in the corresponding space. The 

communication signal may causeiheUghtingsystemto generate Ught of agivenhue^ saturation 

and mtensity the image is passmg throu^ the Hghted space the Ughting systems projects 
onto. Anembodimentofiheinventionprojectstheimagethtou^alightingsyste^ Hiemiage 

may also be projected throng a computer screen or other s«een or projection device. In an 
embodiment.ascreenmay be used to visualizelheimageprior or during the playb«^ 
in^eonaUghtingsystem. In an embodiment, sound or o&er effects may be correlated .vilh the 
Ughtmg effects. For example, the peak intensity of a Ught ^ve propagating Ihrough a space 
may be just ahead of a sound wave. As a result, the Ught wave may pass through a room 
foUowed by a sound wave. The Ught wave may be played back on a Ughting system and the 
soundwavemaybeplayedbackonasoundsystem. This coordmation can create effects that 
appear to be passing through a room or they can create va^ous other effects. 

Referring to Fig. 6, aneffectcanpropagatethrougha virtual environment that is 
represented hx 3D on Ihe display screen 612 of the computer 600. In embodiments, ihe effect 
canbemodeledasavectororplanemovmgthroughspaceoverthne. Thus, all Ught systems 

1 02 that are located on the plane of the effect m the real world envkomnent can be controUed to 
generateacertain type ofiUummationv^enflie effect plane propagates through Ihe Ught s^ 
plane. This can be modeled in the virtual environment of&e display screen, so ftat a developer 
can dragaplanethroughaseries of positions that vary over tune. For exan^le, an effect plane 
618 can move with the vector 608 through the virtual enviromnent Whenihe effect plan 618 
readies a polygon 614. the polygon can be highUghted in a color selected ftom the color palette 
604. A Ught system 102 positionedon a real world object that corresponds to the polygon can 
then iUmnmate in Ihe same color in the real world enviromnent Of course, the polygon could be 
any configuration of Ught systems on any object, plane, surfece, waU, or the Uke. so the range of 
3D effects that can be created is unlimited. 

hi an embodhnent, Ihe unage mformation may be communicated ftom a central 
, controUer. Thehrformationmaybealteredbeforealightmgsystemrespondstotheinfo 

For example, the unage mformation may be dhected to aposition within a position map. AU of 
the mfomiation directed at a position map may be coUected prior to sendmg Ihe information to a 
Ughtmg system. This may be accompUshed every tune the unage is refteshed or every time Ms 
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section of fhe image is refireshed or at other times. Jn an embodiment, an algorithm may be 
perfomied on information fliat is collected. The algorithm may average the information, 
calculate and select the maximimi information, calculate and select the mininii im information, 
calculate and select the first quartile of the information, calculate and select the third qtiartile of 
5 the information, calculate and select the most used information calciilate and select the integral 
of the information or perform another calculation on the information. This step may be 
completed to level the effect of the lighting system in response to information received. For 
example, the information in one refiresh cycle may change the information in the map several 
times and the effect noay be viewed best when tiie pix>jected light takes on one value in a given 
10 refresh cycle. 

In an embodiment, the infomiation conmiunicated to a lighting system may be altered 
before a lighting system responds to the information. The information fomiat may change prior 
to the communication for example. The information may be commimicated fix>m a computer 
through a USB port or other communication port and the format of the information may be 

15 changed to a lighting protocol such as DMX when the information is communicated to the 

lighting system. In an embodiment, the information or control signals may be conmiunicated to 
a limiting system or other system through a communications port of a computer, portable 
computer, notebook computer, personal digital assistant or other system. The information or 
control signals nmy also be stored in memory, electronic or otherwise, to be retrieved at a later 

20 time. Systems such the iPlayer and SmartJack systems manufactured and sold by Color Kinetics 
Incorporated can be used to communicate and or store lighting control signals. 

In an embodiment, several systems may be associated with position maps and the several 
systems may a share position map or the systems may reside in independent position areas. For 
example, the position of a lighted surface fi-om a first lighting system may intersect with a 

25 lighted surface from a second lighting system. The two systems may still respond to information 
communicated to the either of the lighting systems. In an embodiment, the interaction of two 
lighting systems may also be controlled. An algorithm, function or other technique may be used 
to change the lighting effects of one or more of the lighting systems in a interactive space. For 
example, if the interactive space is greater tiian half of the non-interactive space firom a lighting 

30 system, the lighting system's hue, satunition or brightness may be modified to compensate the 
intmctive area. This may be used to adjust the overall appearance of the interactive area or an 
adjacent area for example. 
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Control signals genwated using methods and or systems according to the principles of flie 
present invention can be used to produce a vast variety of effects. Imagine a fire or e^^losion 
effect that one wishes to have move across a wall or room. It starts at one end of Ihe room as a 
vMtc flash that quiddy moves out followed by a highbrightness yellow wave whose intensity 
varies as it moves Uitou^ the room. When generating a control signal according to the 
prindples of the present invention, a Ughting designer does not have to be concerned with the 
lights in the room and the t^tning and generation of each light system's lighting effects. Rather 
the designer only needs to be concerned wilh the relative position or actual position of those 
Ughts in the room. The designer can lay out the Ughting in a room and then associate the Ughts 
in the room with graphical information, such as pixel information, as desmbed above. The 
designer can program the fire or explosion effect on a computer, using Flash 5 for example, and 
the information can be communicated to the Ught systems 1 02 in an environment The position 
of the lights m the environment may be considered as well as the surfaces 107 or areas 702 that 
are going to be lit 

In an embodiment, the lifting effects could also be coi5)led to sound that will add to and 
remforce the lighting effects. An exasaple is a "red alert" sequence vtbsxe a ' viboop vrhoop' 
siren-like effect is coupled with the enthe room pulsing red m concert with Hob sound. One 
stimulus remforces the other. Sounds and movement of an earfliquake usmg low fi»quency 
sound and flickering li^ts is another example of cooidmating these effects. Movement of ligjit 
and sound can be used to indicate direction. 

In an embodiment the lights are represented m a two-dunensional or plan view. This 
allows representation of tiie Ughts in a plane where the Ughts can be assodaled with various 
pixels. Standard computer graphics techniques can then be used for effects. Anunation 
tweening and even standard tools may be used to create Ughtir^ effects. Macromedia Flash 
works with relatively low-resolution graphics for creating animations on the web. Flash uses 
sunple vector graphics to easUy create ammations. The vector representation is efficient for 
streaming ^Ucations such as on the Worid Wide Web for sendmg ammations over the net 
The same technology can be used to create animations that can be used to derive Ughting 
commands by mapping tiie pixel information or vector information to vectors or pfacels that 
correspond to positions of Ught systems 102 within a coordinate system for an environment 100. 

For wcample, an animation wmdow of a computer 600 can represent a room or other 
environment of the Ughts. Pixels m that wmdow can correspond to Ughts within the room or a 
low-resolution averaged unage can be created firom the higher resolution image. In this way 
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lights in the room can be activated v/h&n a corresponding pixel or neighboihood of pixels turn 
on. Because LHD-based lighting technology can create any color on demand using digital 
control information, see U.S. Patents 6,016,038, 6,150,774, and 6,166,496, the lights can 
faithfully recreate the colors in the original image. 
5 Some examples of effects that could be generated using systems and mefliods according 

to the principles of the invention include, but are not limited to, explosions, colors, underwater 
effects, turbulence, color variation, fire, missiles, chases, rotation of a room, shape motion, 
tiukerbell-like shapes, lights moving in a room, and many otiiers. Any of the effects can be 
specified with parameters, such as fi:equencies, wavelengths, wave widths, peak-to-peak 

10 measurements, velocities, inertia, friction, speed, width, spin, vectors, and the like. Any of these 
can be coupled with other effects, such as sound. 

In computer graphics, anti-aliasing is a technique for removing staircase effects in 
imagery where edges are drawn and resolution is limited. This effect can be seen on television 
when a narrow striped pattem is shown. The edges appear to crawl like ants as the lines 

15 approach the horizontal. In a similar fashion, flie lighting can be controlled in such a way as to 
provide a smootiier transition during effect motion. The effect parameters such as wave width, 
amplitude, phase or fiequency can be modified to provide better effects. 

For example, referring to Fig. 8, a schematic diagram 800 has circles that represent a 
single light 804 over time. For an effect to traverse' tins light, it might simply have a step 

20 function tiiat causes the light to pulse as the wave passes throng the light However, without 
the notion ofwidth,tiie effect might be uidiscemible. The effect preferably has width. If ' 
however, the effect on the Hght was simply a step function that turned on for a period 
then might appear to be a harsh transition, which may be desirable in some cases but for effects 
that move over time (i.e. have some velocity associated with them) then this would not normally 

25 be the case. 

The wave 802 shown in Fig. 8 has a shape that corresponds to the change. In essence it 
is a visual convolution of the wave 802 as it propagates through a space. So as a wave, such as 
&om an explosion, moves past points in space, tiiose points rise in intensity fiom zero, and can 
Gvea have associated changes in hue or saturation, which gives a much more realistic effect of 
30 the motion of the effect. At some point, as the number and density of lights increases, the room 
then becomes an ext^ision of the screen and provides large sparse pixels; Even with a relatively 
small number of light systems 102 the effect eventually can serve as a display similar to a large 
screen di^lay. 
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Effects can have associated motion and direction, i.e. a velocity. Even oflier physical 
parameters can be described to give physical parameters such as friction, inertia, and momentum. 
Even more than that, the effect can have a specific traj ectory . In an embodiment, each light may 
have a representation that gives attributes of the light This can take the form of 2D position, for 
example. A Ught system 102 can have all various degrees of freedom assigned (e.g., xya-rpy). or 
any combination. 

ThetechniqueslistedherearenotUmitedtoUghtmg. Control signals can be propogated 
through other devices based on their positions, such as special effects devices sudi as 
pyrotechnics, smell-generating devices, fog machmes, bubble machmes, moving mechanisms, 
acoustic devices, acoustic effects that move in space, or other systems. 

An embodiment of the present mvention is a method of automatically capturing the 
position of the Ught systems 102 withm an enviromnent. An imaging device may be used as a 
means of capturing the position of the Ught A camera, connected to a computmg device, can 
c^rtme the unage for analysis can calculation of the position of the Ught Fig. 9 depicts a flow 
diagram 900 that depicts a series of steps that may be used to accomplish this method. First, at a 
step902,theenvironmenttobemappedmaybedaikenedbyreducingambientUght Next,ata 

step 904, control signals can be sent to each Ught system 102, commanding the Ught system 102 
to torn on and off in turn. Shnultaneously, the camem can c^ture an image during each "on" 
tune at a step 906. Next, at a step 908, the image is analyzed to locate the poation of the "on" 
Ughtsysteml02. At a step 910 a centroid can be extracted. Because no other Ught is present 
when the particular Ught system 1 02 is on, there is Utile issue with other artifects to filter and 
remove from the image. Next, at a step 912. the centroid position of the Ught system 102 is 
storedandthesystemgeneratesatableofUghtsystems 102 and centroid positions. Thisdata 
can be used to populate a configuration file, such as that depicted in connection with Fig. 5. hi 
sum. each Ught system 102, m tum. is activated, and the centroid measurement detennined. TMs 
is done for aU of flie Ught systems 102. An image thus gives a position of the Ught system in a 
plane, such as with (x,y) coordinates. 

Where a 3D position is desired a second hnage may be captured to triangulate tiie 
position of tiie U^t m another coordmate dimension. This is tiie stereo problem, hi the same 
way human eyes determme deptii tiirough tiie correspondence and disparity between tiie hnages 
provided by each eye, a second set of hnages may be taken to provide tiie correspondence. The 
camera is eitiier dupUcated at a known position relative to tiie first camera or tiie first camera is 
moved a fixed distance and direction. This movement or difference m position estabUshes tiie 
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baseline for the two images and allows daivation of a thini coordinate (e,g., (x,y^)) for tiie light 
system 102. 

Another embodiment of the invention is depicted in Fig. 10, which contains a flow 
diagram 1000 with steps for generating a control signal. First, at a step 1002 a user can access a 
5 graphical user interface, such as the display 612 depicted in Fig. 6. Next, at a step 1003, the user 
can generate an image on the display, such as using a graphics program or similar fecility. The 
image can be a representation of an environment, such as a room, wall, building, surface, object, 
or the like, in which light systems 102 are disposed. It is assumed in connection with Fig. 10 
that the configuration of the light systems 102 in the environment is known and stored, such as 

10 in a table or configuration file SOO. Next, at a step 1004, a user can select an effect, s^^ 

a menu of effects. In an embodiment, flie effect may be a color selected fix>m a color palette. 
Tho color might be a color temperature of white. The effect might be another effect, such as 
described herein. In an embodiment, generating the image 1003 may be accomplished throu^ a 
program executed on a processor. The image may then be displayed on a computer screen. 

15 Once a color is selected from the palette at the step 1004, a user may select a portion of the 
image at a step 1008. This may be accomplished by using a cursor on the screen in a graphical 
user interface where the cursor is positioned over flie desired portion of the image and then the 
portion is selected with a mouse. Following the selection of a portion of the image, the 
information from that portion can be converted to lighting control signals at a step 1010. This 

20 may involve changing the format of the bit stream or converting the information into other 

information. The information that made the image may be segmented into several colors such as 
red, green, and blue. The information may also be commxmicated to a lighting system in, for 
example, segmented red, green, and blue signals. The signal may also be communicated to the 
lighting system as a composite signal at a step 1012. This technique can be useful for changing 

25 the color of a lighting system. For example, a color palette may be presented in a graphical user 
interface and the palette may r^resent millions of different colors. A user may want to change 
the lighting in a room or other area to a deep blue. To accomplish her task, the user can select 
the color from the screen using a mouse and the lighting in the room changes to match the color 
ofthe portion oftfae screen she selected. Generally, the information on a compute screen is 

30 presented in small pixels of red, green and blue. LED systems, such as those found in U.S. 
Patent Nos. 6,016,038, 6,150,774 and 6,166,496, may include red, green and blue lighting 
elements as well. The conversion process from the information on the screen to control signals 
may be a format change such that the lighting system understands the commands. However, in 
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an embodiment, liie information or the level of the separate Ug^rfing elements may be the same as ' 
Ihe information used to generate the pixel information. This provides for an accurate dupUcation 
of the pixel information in the lighting syptem. 

Using Ihe techniques described herein, including techniques for determining positions of 
5 Ught systems in environments, techniques for modeling effects in environments (including time- 
and geometry-based efiTects), and techniques for mapping Ught system environments to vktual 
environments, it is possftle to model an unlimited range of effects in an unlimited range of 
environments. Effects need not be limited to Ihose that can be created on a square or rectangular 
display. Instead, Ught systems can be disposed in a wide range of Unes. strings, curves, 
10 polygons, cones, cyUnders, cubes, spheres, hemispheres, non-Unear configurations, clouds, and 
arbitrary shapes and configurations, tiien modeled in a virtual enviromnent that c^tures Ihek 
positions in selected coordinate dimensions. Thus. Ught systems can be disposed m or on the 
interior or exterior of any environment, such as a room, building, home, wall, object, product, 
retail store, vehicle, ship, airplane, pool, spa, hospital, operating room, or other location. 
15 In embodiments, the Ught system may be associated with code for the computer 

appUcation. so tiiat the conqmter ^pUcation code is modified or created to control tiie Ught 
system. For example, object-oriented programming techniques can be used to attach attributes to 
objects in the computer code, and the attributes can be used to govern behavior of the Ught 
system. Object oriented techniques are known hxtiie field, and can be found in texts such as 

20 'Introduction to Object-Oriented Programming' by Tmxolhy Budd. the entire disclosure of 
which is herein incorporated by reference. It should be understood that olher programming 
techniques may also be used to direct Ughting systems to iUuminate in coordination with 
computer ^pUcations, object oriented programnnng being one of a variety of programmmg 
techniques timt would be understood by one of ordinary skiU m the art to feciUtete the metiiods 

25 and systems described herein. 

In an embodiment, a developer can attach tiie Ught system inputs to objects in tiie 
computer ^pUcation. For example, the developer may have an abstraction of a Ught system 102 
that is added to the code construction, or object, of an appUcation object An object may consist 
of various attributes, such as portion, velocity, color, intensity, or other values. A developer can 

30 addlightasaninstanceintheobjectintiiecodeofacomputer^pUcation. For example, the 
object could be vector in an object-oriented computer animation program or soUd modeUng 
program, with attributes, such as direction and velocity. A Ught system 102 can be added as an 
instance of tiie object of the computer appUcation. and tiie Ught system canhave attributes, such 
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as intensity, color, and various effects. Thus, i^en events occur in the computer application that 
call on the object of the vector, a thread running through the program can draw code to serve as 
an input to the processor of the light system. The light can accurately r^resent geometry, 
placement, spatial location, represent a value of the attribute or trait, or provide indication of 
S other elements or objects. 

Referring to Fig. 12, a flow chart 1200 provides steps for a method of providing for 
coordinated illumination. At the step 1202, the programmer codes an object for a computer 
application, using, for example, object-oriented programming techniques. At a step 1204, the 
programming creates instances for each of the objects in the application. At a step 1208, the 

10 programmer adds light as an instance to one or more objects of the ^plication. At a step 1210, 
the programmer provides for a thread, running through the application code. At a step 1212, the 
programmer provides for the thread to draw lighting system input code from the objects that 
have light as an instance. At a step 1214, the input signal drawn from the thread at the step 1212 
is provided to the light system, so that the lighting system responds to code drawn from the 

15 computer application. 

Using such object-oriented light input to the light system 102 from code for a computer 
application, various lighting effects can be associated in the real world environment with the 
virtual world objects of a computer applicatioiL For example, in animation of an effect such as 
. e^losion of a polygon, a light effect can be attached with the explosion of the polygon, such as 

20 sound, flashing, motion, vibration and other temporal effects. Further, the light system 102 
could include other effects devices including sound producing devices, motion producing 
devices, fog machines, rain machines or other devices which could also produce indications 
related to that object. 

Referring to Fig. 13, a flow diagram 1300 depicts steps for coordinated illumination 
25 between a representation on virtual environment of a computer screen and a li^t system 1 02 or 
set of light systems 102 in a real environment In embodiments, program code for control of the 
light system 102 has a separate thread running on the machine that provides its control signals. 
At a step 1302 the program initiates the thread. At a step 1304 the thread as often as possible 
runs throu^ a list of virtual lights, namely^ objects in the program code that represent lights in 
30 the virtual environment At a step 1308 the thread does three-dimensional math to determine 
which real- world light systems 102 in the environment are in proximity to a reference point in 
the real world (e.g., a selected surfece 107) that is projected as the reference point of the 
coordinate system of objects in the virtual environment of the computer representation. Thus, the 
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(0,0,0) position can be a location in a real environment and a point on the screen in the display of 
the compitter application (for instance the center of the display. At astep 1310, flie code maps 
the virtual environment to the real world environment, inclxuiing the light systems 1 02, so that 
events happening outside the computer screen are similar in relation to the refereace point as are 

5 virtual objects and events to a reference point on the computer screen. 

At a step 1312, the host of the metiiod may provide an interfiEice for mapping. The 
nu^ping fimction may be done with a function, e.g., "project-all-li^its," as described in 
DiMctiight API described below and in i^jpendix A, that m^s real world lights using a simple 
user interfece, sudi as drag and drop intec&ce. The plac^ent of the li^ts may not be as 

10 important as Resurface the U^ts are directed tovrards. It may be this surfece that reflects the 
illumination or lights back to the envnonment and as a result it may be this surfece that is the 
most important for the moping program. The mapping program may map these surfeces rather 
than the light system locations or it may also m^ both 1h.e locations of the light systems and the 
light on the surfece. 

15 A system for providing the code for coordinated iUuminationinay be any suitable 

computer capable of allowing progranming, including a processor, an operating system, and 
memory, such as a database, for storing fil^ for execution. 

Eadi real light 102 may have attributes that are stored in a configuration file. An 
^cample of a structure for a configuration file is depicted in Fig. 5. In ranbodiments, the 

20 configuration file may include various data, such as a li^ number, a position of each li^t, the 
position or direction of light output, the gamma (brightness) of the li^ an indicator number for 
one or more attributes, and various other attributes. By changing the coordinates in the 
configuration file, the real world lights can be mapped to tiie vurtual world represented on the 
screen in a way that allows tiiem to reflect what is happening in the virtual environment The 

25 developer can thus create time-based effects, such as an explosion. There can then be a library 
of effects in tbs code that can be attached to various application attributes. Examples include 
e3q)losions, raiiibows, color chases, fedes in and out, etc. The developer attaches the effects to 
virtual objects in the {^plication. For exanq)le, yvbea. an explosion is done, the light goes off in 
the display, reflecting the destiMction of liie object that is associated with the light in the 

30 configuration file. 

To simplify the configuration file, various techniques can be used. In embodiments, 
hemispherical cameras, sequenced in turn, can be used as a baseline with scaling fectors to 
triangulate the lights and automatically genaate a configuration file without ever havmg to 
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measure ^ere fhe lights are. Ihembodiiaents^thecoxijEiguiationfflei^be t^^ 
put into a gr^hical user interface that can be lised to drag and drop light sources onto a 
representation of an environment The developer can create a configuration file that matches the 
fixtures with true placement in a real environment For example, once the lighting elements are 
5 dragged and dropped in the environment, the program can associate the virtual lights in the 

program with the real lights in the environment An example of a light authoring program to aid 
in the configuration of lighting is included in U.S. Patent Application No. 09/616^14 "Systems 
and Methods for Authoring Lighting Sequences." Color Kinetics Inc. also offers a suitable 
authoring and configuration program called "ColorPlay." 

10 Fiulher details as to the implementation of the code can be found in the DirectUghti^ 

dociunent attached hereto as Appendix A. Directlig|it API is a programmer's int^&ce that 
allows a progranuner to incorporate lighting effects into a program. Directlight API is attached 
in Appendix A and the disclosvire incorporated by reference herein. Object oriented 
programming is just one example of a programming technique xised to incoxporate lifting 

15 effects. Lighting effects could be incorporated into any programming language or method of 
programming. In object oriented programming, the prograimner is often simulatmg a 3D space. 

In the above examples, lighte were used to indicate the position of objects v^ch produce 
the ejected light or have light attached to them. There are many other ways in which light can 
be used. The lights in the light system can be used for a variety of purposes, such as to indicate 

20 events in a computer s^plication (such as a game), or to indicate levels or attribiites of objects. 

Simulation types of computer applications are often 3D rendered and have objects with 
attributes as well as events. A programmer can code events into the application for a simulation, 
such as a simulation of a real world enviromnent A programmer can also code attributes or 
objects in the simulation. Thus, a program can track events and attributes, such as explosions, 

25 bullets, prices, product features, health, other people, patterns of light, and the like. The code 
can then map from the vktual world to the real world. In embodiments, at an optional st^, the 
system can add to the virtual world witii real world data, such as from sensors or input devices. 
Then the system can control real and virtual world objects in coordination with each other. Also, 
by using the light system as an indicator, it is possible to give information through the light 

30 system that aids a person in the real world environment 

Architectural visualization, mechanical engineering models, and other solid modeling 
environments are encompassed herein as embodiments. In these virtual environments lighting is 
often relevant both in a virtual enviroimient and in a solid model real world visualization 
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environment The user can thus position and control a light system 102 the illu minat es a real 
world sold model to illuminate the real world solid model in correspondence to illumination 
conditions that are created in the virtual world modeling environment Scale physical models in 
a room of lights can be modeled for lighting during the course of a day or year or during 
5 different seasons for example, possibly to detect previously unknown interaction with the light 
and various building surfaces. Another example would be to constract a replica of a city or 
portion of a city in a room with a lighting system such as those discussed above. The model 
could then be analyzed for color changes over a period of time, shadowing, or othw lighting 
effects, hi an embodunent, this techiiique could be used for landscape design. In an 
1 0 embodiment, the lighting system is used to model the interior space of a room, building, or other 
piece of architecture. For example, an interior designw may want to project the colors of the 
room, or fabric or objects in the room with colors representing various times of the day, year, or 
season. In an embodiment, a lighting system is used in a store near a paint section to allow for 
simulation of lighting conditions on paint chips for visualization of paint colors under various 
15 conditions. These types of real world modeling applications can enable detection of potential 
design flaws, such as reflective buildings reflecting sunlight in the eyes of drivers during certain 
times of the year. Further, the fluree-dimensional visualization may allow for more rapid 
recognition of the aesthetics of the design by human beings, than by more complex computer 
modeling. 

20 Solid modeling programs can have vhtual lights. One can light a model in the virtual 

environmrat while simultaneously lightmg a real world model the same way. For example, one 
can model envuronmental conditions of the model and recreate tiiem in the real world modeling 
environment outside the virtual enyiroimient For example, one can model a house or other 
building and show how it would appear in any daylight environment A hobbyist could also 

25 model lighting for a model train set (for instance based on pictures of an actual train) and 
translate that lighting into the illumination for the room wherein the model train exists. 
Therefore the model train may not only be a physical representation of an actual train, but may 
even appear as that tram appeared at a particular time. A civil engmeering project could also be 
assembled as a model and then a lighting system according to tiie principles of the invention 

30 could be used to simulate the lighting conditions over the period of the day. This simulation 
could be used to generate lighting conditions, shadows, color effects or other effects. This 
technique could also be used m Fihn/Theatrical modeling or could be used to generate special 
effects in fiknmaking. Such a system could also be used by a homeowner, for mstance by 
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selecting v/bat fhey want their dwelling to look like fix>m the outside and having limits be 
selected to produce that look. This is a possibility for safety when flie owner is away, 
Altranatively, the system could work in reverse where the owner turns on the lights in their 
house and a computer provides the appearance of the house from various different directions and 
5 distances. 

Although the above examples discuss modeling for architecture, one of skill in the art 
would understand that any device, object, or structure where the effect of light on that device, 
object, or stmcture can be treated similarly. 

Medical or other job simulation coiild also be performed. A lighting system according to 

10 the principles of the present invention may be used to simulate the lighting conditions during a 
medical procedure. This may involve creating an operating room setting or other environment 
such as an auto accident at night, with specific lighting conditions. For example, the Ughting on 
highways is generally high-pressure sodium lamps which produce nearly monochromatic yellow 
ligjit and as a result objects and fluids may appear to be a non-normal color. Parking lots 

15 generally use metal halide lighting systems and produce a broad spectrum light that has spectral 
gaps. Any of these environments could be simulated using a system according to the principles 
of the inventiorL These simulators could be used to train emergency personnel how to react in 
situations Ut in different ways. They could also be used to sunulate conditions under which any 
job would need to be performed. For instance, the ligJit that will be experienced by an astronaut 

20 repairing an orbiting satellite can be simulated on earth in a simulation chamber. 

Lights can also be used to simulate travel in otherwise inaccessible areas such as the Ught 
that would be received traveling through space or viewing astronomical phenomena, or lights 
could be used as a three dimensional projection of an otherwise unviewable object. For instance, 
a lighting system attached to a computing device could provide a three dimensional view firom 

25 the inside of a molecular model. Temporal Function or other mathematical concepts could also 
be visualized. 

Another aspect of the present invention is methods and systems for gen^-ating lighting 
effects through the use of wireless communications. Various embodiments provide a plurality of 
light systems adapted to receive wireless communications and to generate lighting effects in 
30 response to the communications, hianembodiment, the plurality of light systrais may be 

arranged in an enviroimient and coordinated light effects may be generated within the plurality 
of light systems. For example, the light systems may be arranged in an audience and wireless 
communication signals may be sent to the Ught systems. The Ught systems may respond by 
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generating certain Ughting effects. Wilh a system according to Ihe prindples of tiie present 
invention, coordinated lighting effects may be generated in a stadium. In an embodiment, the 
stadium may be a footbaU stadium, Olympic stadium, soccer stadium, baseball stadium, track 
and field stadium, indoor stadium, and outdoor stadium. The effects may appear as a static or 
5 dynamic image for example. In an embodiment, the images produced may appear to be an 
Olympic ring pattern, a logo, a team logo, a trademark, a team trademaric. an advertisement or 
other unagp. In another embodiment, the Ught systems may be arranged along a parade route or 
in an amusement park or other environment The Ughting effects may be generated for display 
advertisement, information or for many other reasons. For example, a user may have a mobUe 
10 Ught system in an amusement park and the Ught system may turn colors under certain conditions, 
such as, when in the presence of a character of the paric or to indicate it is the users tum on a 
ride. There are many such examples of useful ways of using systems according to the principles 
of the present invention and these examples are provided as purely illustrative. An embodiment 
of the present invention is a method and system for controUing a pluraUty of light systems. The 
15 pluraUty of Ught systems may be assembled in an environment For example, a pluraUty of Ught 
systems may be arranged to form an array of Ught systems and a wireless transmitter may 
communicate Ughting control signals to each of ^e Ught systems mthe pluraUty. As another 
example, the pluraUty of Ught systems may be arranged in a crowd of people and atransmitter 
may communicate Ughting control signals to each of the Ught systems in the crowd. This may be 
20 used to generate a Ughting effect in the crowd. 

Another aspect of the present invention is methods and systems for generating Ughting 
effects. Various embodiments provide Ught systems that may initiate or execute a Ughting effect 
at a particular tune. In an embodiment, a plurality of such Ught systems may be arranged in an 

25 environment, such as an audience, and the pluraUty of Ught systems may be adapted to execute a 
U^ting effect at a given time. A melJiod such as this may be used to generate coordinated 
effijcts in the audience for exan^le. If the Ught systems are properly arranged in an audience and 
programmed to generate a particular show at a particular time, the overaU effect firom the 
pluraUtymaybeacoordmatedeffect,imageorfheUfcB. The unage may appear static or dynamic 

30 and may generate flowing colors or images that may be mterpreted. The programming of the 
timing of the Ughting effect may be done during the manufectuter of the Ught system or at some 
time thereafter. 
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Another aspect of the present invention is methods and systems for communicating vnUi 
a light system. Various embodiments provide mobile light systems and systems and methods for 
communicating wifli them and generating lighting effects. In an embodiment, the light systems 
may be used in a game similar to *tag" where a transmitter is used to communicate with the light 
5 system and the light system changes the effect it produces in response to the transmitted signal. 
For example, to users may have light systems according to the principles of the present 
invention, at least one including a transmitter. The one with the transmitter may be trying to find 
and 'Hag*' the other one. When the other one is identified, flie transmitter may be used to 
communicate a signal and cause the li^t effect in the others li^t system to enei^ize or 

10 otherwise change. LiCTibodiments, the communication may be tised to change the priority o 
the lighting effect in the recipients li^t system. For example, the recipient may receive a signal 
to generate a lighting effect and also program the lighting effect as the highest, or other, priority 
such that when the light system is turned on, or otherwise used, the first lighting effect is the new 
high priority lighting effect. This may be a usefiil method for transferring effects firom one light 

15 system to another light system. 

An embodiment of the present invention may be a method for coramunicating control 
signals to light systems. The method may involve the steps of providing a lighting s}^tem, 
wherein the lighting system includes a wireless receiver, and transmitting control signals to tiie 
lighting system through the wireless receiver. Transmitting tiie control signals may involve 

20 transmitting directioiuil or omni-directional wireless control signals. In an embodiment, a 
plurality of such light systems may be provided and a directional control signal may be 
communicated to a portion of tiie plurality of light systems to produce an effect, pattern, image 
or other light pattern. The light systems that receive the directional control signal may be 
instructed, through the control signal, to execute certain lighting programs or activate or 

25 deactivate the li^t system. In an embodiment, an omni-directional control signal may be 
communicated to a plurality of light systems. This control signal may be used to reset the 
plurality of light systems, initiate a lighting program, activate, deactivate, or generate some other 
effect in the light system. 

Figure 14 illustrates a mobile lighting system 1400 according to the principles of the 

30 present invention. The mobile lighting system 1400 may include a light system 1500 for 

example. Transmitter 1408 may be used to transmit wireless control signals 1410 in a particular 
direction (e.g. unidirectional), in a range of directions or, in all directions (e.g. omni-directional). 
The control signals 1410 may be any wireless transmission such as radio firequency, infirared. 
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microwave, electromagnetic, acoustic or other wireless transmissioiL The light system 1400 
may include a receiver 1404 for receiving the control signals &om the transmitter 1408. Figure 2 
illustrates a lighting system 1500 that may reside withm the light system 1400 accordmg to the 
principles of the present invention. The system may include a processor 1504 for communicating 

5 LED control signals to one or more LEDs 1 508. In an embodiment, a plurality of different 

colored LEDs 1508R red, 1508G green, and 1508B blue LEDs may be included. The processor 
1504 may control the LEDs 1508R, 1508G, and 1508B independently. The system may also 
include a memory 1502 \^erein LED control signals or other lighting programs are stored. 
While this particular light sj^m has been described, the present invention should not be limited 

1 0 to such a light system as one skilled in the art would appreciate othar light systems that could be 
used. While figure 2 illustrates the processor 1504 as bemg a microprocessor, another 
embodiment may include a light system without a microprocessor. One skilled in the art would 
appreciate there are many circuit designs that may be adapted to accomplish the functions as 
described herein. 

15 Figure 1 6 illustrates a system according to the principles of the present invention. Figure 

16 illustrates stadium stands 1604 where a plurality people may be sitting for an event Many of 
the people in the stands 1604 may have a light systems 1400. In an embodiment, a transmitter 
1410 may communicate a control signals 1602 to the light system 1400 such that a pattem 1608 
appears in the audience. Although figure 16 illustrates the pattern 1608 as a smiley face, it 

20 should be understood tiiiat there are many patterns and effects that could be genoated by a 
system according to the principles of the present invention. For example, a directional control 
signal 1 602 could be moved through the audience to produce colored stripes or a color wave 
with dynamic lighting effects. In an embodiment, the light systems 1400 may be activated while 
the light system 1400 is receiving the control signal 1602 and deactivate the light system when 

25 the signal is no longer received. The light system 1400 may also continue to display a lighting 
effect for a period and slowly fade with time or provide another effect Some amount of 
persistence or delay may be used to allow smooth refreshing or to provide blending of effects for 
example. In another embodiment, the control signal 1602 may initiate a lighting program that 
plays for a period of tune or continues to play until another signal is received. In an embodiment, 
30 the control signals 1602 may be sent in a pattem or representative of an hn^e. The control 
signals 1602 may also be communicated in a fashion that generates a moving image. In an 
embodiment, the image may represent a video projection image such that a video could be 
played through the plurality of light systems in liie audience. 
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In an embodim^t, a transmitter 1408 may communicate control signals 1 602 to the 
entire audience in a concert This signal may be used to reset all of the receiving light systems to 
a predetermined mode or lighting program for example. In an embodiment, an omni-directional 
transmission may be used to accomplish this effect This effect may be used to generate ligVitltig 
5 effects through out the audience or cause all of the light systems to deactivate for example. A 
plurality of light systems may receive the resetting signal and this signal may cause the 
individual light systems in the plurality of light systems to generate lighting effects randomly. 
For example^ each light system may be include memory 1502 where a plurality of lighting 
programs are stored and the processor 1504 may randomly, or otherwise, recall one of the 

10 plurality of lighting programs from memory upon receipt of the control signal 1602. This may 
cause many effects to be generated in the audience. 

In an embodiment, the light system 1400 may be provided with stored programs (e.g. 
color changing control signals with respect to time) or static states (e.g. blue, red, purple control 
signals in a table). A plurality of light systems 1400 may be provided where each light system 

15 1400 may be arranged to receive wireless transmissions or be arranged to begin execution of a 
program or state upon some other activation signal. In an embodiment, each of tiie plurality of 
light systems 1400 may be arranged to interpret received signals in a different way. For example, 
tiie light systems may be arranged in a stadium 1 604 in a particular order such thiat upon 
activation the light systems generate a pattern 1608. Some of the light systems 1400 may display 

20 blue and others yellow such that a pattern of rings appears in the audience for example. To 

simplify manufecturing of such light systems 1400, they may all be constructed identically and 
be programmed, through an IR port, for example, at the time tiiey are handed to the people in the 
audience or placed at the seats. This technique woxild be useful in geneiating audience effects 
similar to the imaging and graphics that are displayed using place cards held overhead during 

25 large events like the Olympics or World Cup. One of the advantages of using a systeni according 
to the principles of the present invention is the dynamic effect that can be generated. Such a 
system could be used for generating pleasing effects such as scrolling logos, display of 
preprogrammed images, or other effects. Each light system held by a person becomes a 'pixel' 
that forms the element of an image. 

30 In an embodiment, the light system 1400 may be energized, or specific effects, programs 

or the like may be initiated through the use of an internal timer. Each light system in a plurality 
may include a real time clock. The clock may be set at the factory "when the device is 
manufactured and the clock may track time. At a given time (e.g. August 13,2004 during 
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Opening ceremonies at the Olympics in Greece) the light systems may be set to activate and / or 
run a program or generate an effect as described herein. In an embodiment, a light system vnih a 
real time clock allows many light systems to be synchronized to a common time base (e.g. GMT) 
so that if the timing of an event is carefully scheduled all of the light systems become 

5 coordinated with tiie events. In combination and specific placement (e.g. section of a staxiixmi) 
the light sj^ms can be used to generate coordinated color changing effects, graphics, images 
and other coordinated effects. 

A light system 1400 may also be integrated into tiie seating or the field of a stadium or 
other area. In an embodiment, the light systems 1400 maybe integrated into the seating and the 

10 light systems may be wired to a remote control device to enable wired remote controlling of the 
light systems 1400. 

In an embodiment a combination of methods, as described herein, may used to initiate 
audience lighting effects. For example, the time activation method could be used to initiate play 
in all of the light systems 1400 and also activate the IR receiver. The enthe stadium could color 

15 wash firom one color to the next and then turn a static color. Then a directional IR transmission 
may be used to change the lighting effects in a section of the stadium. The IR transmission may 
use a raster or other scan pattern the light systems 1400 could respond like a display. .The light 
systems 1400 could include a short program (e.g. color wash) and a table with the video colors. 
This could also be used to limit tiie number of IR receivers needed in a given installation. This 

20 would also make the IR transmitter easier to deploy because it could be located on a light pole or 
another pole and it would not have to rotate. You could also have transmitters mounted on poles 
or otiier structures on both sides of tiie stadium to generate lighting effects in different sections 
of the audience. 

In an embodiment, a light system 1400 may have backgroxmd / foregrovmd capabilities. 

25 In this mode, the light system may start in a static color or be executing a dynamic Ught show, 
for example, as its background mode. In an embodiment, the background mode may be switched 
to another mode, foreground mode, in response to external signals. This may be a usefid 
technique for ^Viflnging the colors of a plurality of light systems m an audience. All of the light 
systems may be displaying a color or pattern, running in background mode, and then some or all 

30 of the light systems could be changed to a second mode, foreground mode, by communicating 
with the desired light systems. In an embodiment, the light system may change modes, run a 
different program or select new LED control signals to play upon receipt of an external signal 
and then revert back to the background program when the external signal is removed or 
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de-eneigized. In an embodiment, the light syston may also have some persistence to allow the 
light system to remain in the foreground or background mode for a period of time upon 
deactivation or activation of the external signal. 

There are many effects tiiat may be generated in a plurality of light isystems according to 
5 the principles of the present invention. For example, many light systems 1400 may be arranged 
in an audience at a stadiimi or event and the light systems 1400 may produce color changing 
lijghting effects. Some examples of color effects may be a Color Wave (e.g. a wave of color can 
move around a stadium or theatre, clock wise, counter clock wise, up and down the audience), a 
Color Wash (e.g. the entire stadium can change color simultaneously), Sound Synchronization 

10 (e.g. saturation, intensity or hue can all change in synch with musical or audio input or based on 
event timing during the ceremonies). Icons (e.g. geometries associated with icons or simple 
patterns can be displayed. This could include Olympic rings, advertising, alphanumerics and the 
like) or other patterns or effects. 

Figure 17 illustrates a stadium lighting effects system according to the principles of the 

15 present invention. The transmitter 1408 in this embodiment is a light tower or light house. As 
depicted in the figure, the lighthouse may transmit lighting control signals to the light systems 
1400 in the audience using directional communication signals 1602. The lighthouse may rotate 
the transmission of the communication signals 1602 throug^iout the entire audience or through a 
section of the audience. In an embodiment, the beam of communication signals 1602 may be 

20 broken up into more than one communication signal. For example, the beam 1602 may be 

broken up into segments 1602A, 1602B, and 1602C. These segments may differ in there content 
to provide varioxis effects in the audience. For example, tiiis technique could be used to produce 
stripes or other segmented effects. While figure 14 illustrates the communication signal is 
directional, it should be understood that the communication signals may be sent in many 

25 directions. For example, a spherical or cylindrical transmittCT may be used to generate 

communication signals in all directions. In an embodiment, the signals may be segmented to 
provide both horizontal and vertical segmentation of the signals. This could be used to provide 
"pixel" control of tiie plurality of light systems 1400. 

In an embodiment, a transmitter 1408 may transmit control signals to individual light 

30 systems 1400 or grotqps of light systems 1400. The transmitter 1408 may be scanning, non- 

scaoning, narrow beam, isotropic or otherwise arranged to communicate the control signals. The 
control signals may be used to initiate a program in a light sj^em 1400 or the control signals 
may be used to dkectly control light effect. For example, the control signal may include 
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infonnatioii that the Ught system 1400 inteiprets to produce a particular color (e.g. it receives 
information, the Ught system 1400 uses a look-up table to determine «ie desired color, and then 
changes to the color, or it receives data that is used to program registers or the like to set the 
values of the lighting elemeat(s)). 

Figure 18 iUustrates a Ughting effect generated m a, crowd according to the principles of 
the present invention. The crowd may be assembled m the stands of a stadium 1604 and the 
Ughting effect may vary throughout the crowd. For example, the iUustration of figure 18 shows 
the Ught systems 1400 in the area of section 1702 may be a first color, such as blue; while the 
color of section 1703 may be green and the section 1704 may be red. While the deUneations 
between the colors are depicted as sharp Unes, it should be understood feat this is for illustration 
purposes only as fee area between two colors may be blended or ofeerwise controUed. In an 
embodhnent, fee Ughting effects may appear to move through fee stadium. For example, fee 
sections 1702, 1703, and 1704 may graduaUy move to fee right generating a chasmg rainbow 
through fee crowd. 

A transmitter according to fee principles of fee present mvention may take many forms, 
hi an embodhnent, fee transmitter may be a broadcasting device that transmits mformation to fee 
Ught systems 1400. It can be scannmg or non-scanmng, narrow beam, isotropic, or ofeer 
configuration. For exan«)le. it may be a bright cyUndrical,ahnost hemispheric, IR Ught source 
wife isotropic transmission properties, hi anofeer embodhnent it may be a rotating housmg wife 
a verticaUy oriented narrow beam tiiat continuously scans fee stadium. This design can give 
horizontal resolution Unrited only by fee motion of fee device. This design may mclude a sUp 
ring to pass mformation from fee drive signal to the IR sources, hi anofeer embodhnent. fee sUp 
ring may be avoided if fee communication is done opticaUy. Motion control m^ be used to 
move fee transmission beam, hi an embodhnent, a fiame pulse would be useM to aUgn hnage 
wife stadium. The system could mclude an mtegral compass to give headmg so angular position 
placement is unhnportant The transmitter may be a hemispherical hnager man embodhnent. 
IhismaybeusedtogeneratemanypixelsoutoffeeUghtsystems 1400. This may provide a 
'radar-like' sweep. 

A Ught system 1400 accordmg to fee principles of tiie present mvention may receive data 
ftom a transmitter m a predetermmed format For example, fee data may have a zero byte and 
feen a non-zero value triplet of RGB values, perh^s just four bytes worth, hi an embodhnent, 
fee number of available colors may be three color times eight bits for each color or 16.7 miUion 
colors, hi anofeer embodhnent, fee number of available colors may be reduced to mcrease fee 
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data rate. This is just an example of data coding schemes and one skilled in the art would know 
of many variations that are encompassed by the presCTt invention. 

In an embodiment, mapping techniques, as described herein, may be used to generate a 
map of the environment where the light systems 1400 are placed and this map may be used when 
5 generating the desired effects to be transmitted. 

In an embodiment, a system according to the principles of the jjresent invention may be 
used to play a game or run a contest For example, as indicated above, a plurality of people may 
each have a Ught system and each of Hie plurality of light systems may include memory 1 502 
wherein a plurality of lighting control programs are stored. An omni directional signal 1 602 
* 10 could be communicated such that at least a portion, if not all, of the light systems receive the 
signal. Each of the light systems may initiate a particular lighting program from mraiory 1502 
upon receipt of the control signal 1602. The selection of the lighting program may be 
accomplished randomly for example. Following the receipt of the control signal 1602 and the 
playback of the lighting program, each light system may display a particular color, lighting 

15 effect, or it may also be deactivated. The game or contest winner may, for example, be holding 
the light system that is flashing red, white and blue or the winner may simply be holding a light 
system that is activated. In an embodiment, lighting programs may also be loaded iato the 
memory 1502 of the device through the commimication port 1404. This method of loading tiie 
programs may be used to load a plurality of effects for a contest or other reason. 

20 In an embodiment, a light system 1400 may include a transmitter 1510. The transmitter 

may be directional to provide a user of the device to transmit control signals 1 6 02 to another 
light system 1400. This may be useful for "zapping" someone else a color or lighting effect, 
provide a game of "tagging" another user or for any other purposes. The zapping or tagging may 
take place when a user directs the control signals 1602 towards another users light system 

25 causing the other light system to respond. A system according to the present invention may also 
provide a "light bomb" where a transmitter 1510 is used to generate onmi-directional signals 
1602 and all of the light systems in the area respond. This may be useful in a game of tag where 
the person who is it goes around tagging others by using a directional signal and then throws a 
light bomb into an area by using onmi-directional signals or signal. In another useful 

30 embodiment, a system may be arranged to allow the zapping of a users &vorite color or lighting 
show. For example, a first user may generate a pleasing effect and want to transfer the effect to a 
friend. In an embodiment, the effect could be transferred from one device to another device by 
activating a user interface 1402. The activation may initiate communication between the two 
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devices such that the effect is transfened. The second device may include a blocking feature 
such that incoming signals are not accepted such that the user of the second device may elect not 
to receive such signals. 

5 Appendix A 

Direct Li^tAPI^APK)graininiiigInte^ 
Important Stuff You Should Read Fiist 

1) The sample program and Real Light Setup wont run until you register the DirectLightdll COM object with 
Windows on your computer, TSvo small programs cleverly named "Register DirectLightexe" and "Umegister 

10 DirectLightexe" have been included with this instaU. 

2) DirectLight assumes that you have a SmartJack hooked up to C^^^ ^ 

the DMX JKTERFAOSJWM value m the ffle "my_Ughts Jl" 

About DkeclLi^ 
IS QiganizatioiL 

An appBcation (for exanq>le. a 3D rendered game) can create virtual lights within its 3D world. DirectLight can map 
tbese ligWs onto real-world Color Kinetics fall spectrum digital lights with color and brightness settmgs 
coiresponding to the location and color of the vfftual lights within the game. 



20 



25 



InDiiectUghts Aree genaral types of virtual Ughts exist 



Dynamic UghLTte most common fonnof virtual lighthasapositionandac^^^^ 

be moved and if s color changed as often as necessary. Dynamic lights could represent glowmg 
space nebulae, rocket flares.ayenowspotlig|it flying pastacorpoiate logo, or Ihe^ 

of a ravenous mutant ice-weasel. 
Ambient light is stationary and has only color value. The sun. an oveAead room Ught. or a general 
color wash are examples ofambient Although you can have as many dynamic and indicator lights 

as you want, you can only have one ambient Ught source (which amounts to an ambient color 
30 value). 

hidicator lights can only be assigned to specific real-world lights. While dynamic lights can change 
position and henceforth wiU affect different real-world Ughts, and ambient lights areaa 
color wMch can efect any or an real-world Bgh«s. indicator Ughts wiU always only effectasnig^^ 

real-world Ught hidicators are urtended to give feedback to the user sq)arate from Ughting. e.g. 
35 shield stains, ftneat location, etc. 

AJl these 1^ aUow their color to be diangfid as often as necessary. 
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In general, flie user will set up Hie real-world li^bts. Hie "my JUghts Ji** configuration file is caeated in, and can be 
edited by, the "DirectLigiht GUI Setup" program. The API loads tiie settings from the "my^lighls Ji" file, which 
contains all information on whm the real-world li^ts are, v/hdX. type Ihey are, and which sort of virtual ligihts 
(dynamic, ambient; indicator, or some combination) are gomg to affect them. 

Virtual lights can be created and static, or created at run time dynamically. DirectLights runs in it*s own tiu^ad; 
constantly poking new values into the lights to make sure they don*t fell asleep. After updating your virtual lights 
you send them to the real-world lights with a single function call. DirectLights handles all the mapping from virtual 
world to real world. 

If your application already uses 3D light sources, implementing DkectLight can be very easy, as your light sources 
can be miq^ped 1:1 onto tiie VirtualJLi^ class. 

A typical seti^ for action games has one overhead light set to primarily ambi^ lights to tiie back, side and around 
15 tiie monitor set primarily to dynamic, and peiiiaps some small lig^its near the screen set to indicators. 

The ambient light creates a mood and atmosphere. The dynamic lights around the player give feedback on things 
happening around him: weapons, environment objects, e}q)losions, etc. The indicator lights give instant feedback on 
game parameters: shield level, danger, detection, etc. 

20 

Effects ( LightingFX ) can be attached to lights which override or enhance the dynamic lighting. In Star Trek: 
Armada, for example, hitting Red Alert causes every light in the room to pulse red, replacing temporarily any other 
color information tiie lights have. 

25 CXbsac effects can augment Explosion effecte, for example, can be attached to a smgle vhtual light and will play out 
over time, so rather tiian have to continuously tweak values to make the fireball fede, virtual lights can be created, an 
effect attached and started, and the light can be left alone until the effect is done. 

Real lights have a coordinate system based on the room they are installed in. Using a person sitting at a computer 
30 monitor as a reference, their head should be consid^ed the origin. X increases to their right Y increases towards the 
ceiling. Z increases towards the monitor. 

Virtual lights are firee to use any coordinate system at all. There are sev^:al different modes to map virtual lights 
onto real lights. Having the virtual lig^t coordinate system axis-aligned with tiie real ligjit coordinate system can 
35 make your life much easier. 

Lig^ positions can take on any real values. Hie DurectLight GUI setup program restricts tiie lights to witiiin 1 meter 
of the center of tiie room, but you can change tiie values by hand to your heart's content if you like. Read about the 
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Projection Types first, though. Some modes requite that ihe real world and virtual world coordinate systems have 
the same scale. 



5 



Oettmg Started, 
bistalling DiiectUgbt SDK. 
Running fbs Setup.exe ffle will install: 

10 In AVindows/System/ three dll files, one for DiieclLiglit, two for low-level communications with the real-world 
lights via DMX. 

DirectLightdll 
DMXIO.dll 
15 DLPORTlCdll 

In the folder you mstalledDirecflLight hi: Visual C++ project files, source code and header files: 

DkectLightdsp 
20 DkectLigibtdsw 
etc. 

DiiectLighth 

DirectLightcpp 
25 Real_Lighth 

ReaLLightcpp 

VirtuaTLightJi 
VirtualJJghtcpp 
etc. 



30 



35 



compile time libraries: 
FX_Libraiy.lib 
DirectLight.lib 
DMXI0.1ib 

and configuration files: 
myJightsJh 
lightjdefinitions.h 
GUIjconfig^fileJi 
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Dynamic J^ocalized^StrmgsJi 

The "my^lig^ts Ji" file is referenced bolh by DirectLigbt and DirectLi^t GUI Setup.»e. '*my_lights.h** in turn 
references "lig^^definitions.h** The otiier files are referenced only by DirectLight GUI Setup. Both flie DLL and ttie 
S SetiQiprogramusearegistiy entry to find these files: 

HK£Y_IX)CAL_MACHIb^\Softvrare\ColorKinetics\Dire^^ .OO.OOOMocation 

Also included in this directory is .this documentation, and subfolders: 
10 FXJLibrariescontamUghting effects M4uch can be accessed by Dire 

Real Li^t Setup contains a graphical editor for changing infe about the real lights. 

Sample Program contains a copiously commented program demonstrating ho\^ to use DirectLigbt 

DkectLi^tCOM. 

15 

The DirectLight DLL inaplements a COM object which enc^sulates the DirectLight functionality. The DkectL^t 
object possesses the DirectLight inter&ce» whidi is used by the cli^t program. 

In order to use the DirectLight COM object, the machine on which you will use the object must have the DirectLight 
20 COM server registered (see above: Important Stufif You Should Read First). If you have not done this, die Microsoft 
COM runtime library will not know where to find your COM server (essentially, it needs the path of 
DirectLightdll). 

To access die DirectLi^ COM object &om a program (we'll call it a client), you must Srst mclude "directUghth", 
25 which contains the definition of the DirectLight COM interfece (among other things) and '*directlight_i.c", which 
contams the definidons of the various UEDs of the objects and interfeces (more on tliis lato). 

Before you can use any COM services, you must first initialize the COM nintime. Tn do fliLs, call iha nnlnitiiiligA 
function with a NULL parameter 

30 

CoInitialize(NULL); 
For our purposes, you don't need to concern yourself with the return value. 

35 

Next, you must instantiate a DhrectLigjht object To do diis, you need to call die CoCreatelnstance function. This will 
oreate an instance of a DirectLight object, and wiU provide a pointer to the DuectLig^t interfieu:e: 

HRESULT hCOMError « 
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CoCreateInstance( 



CLSID^CDirectiLig^ 
NULL, 

CI^CTX.ALL. 
IID_IDirectLi^t, 
(void --)^DiF6CLUght); 



10 



15 



20 



25 



30 



CLSID_CDirectLight is the identifier (declared in directlight_i.c) of the DirectLight object, IIDJDDirectLight is flie 
identifier of the DirectLight interface, and pDirectiLight is a pointer to the implementation of the DirectLight 
int^r&ce on the object we just instantiated. The pDirectLight pointer will be used by fbe rest of the client to access 
the DirectLights fimctionality. 

Any error returned by CoCreatelnstance will most likely be RBODB JB_CLASSNOTR£0, vAdch indicates lhat die 
class isn't registered on your machine. If that's Ihe case, ensure that you ran tiie Register DirectLight program^ and 
try again. 

When you're cleanii^ up your Bipp, you should include the following three lines: 

//kill die COM object 
pDh^ctLight-^ReleaseO; 

// We ask COM to unload any unused COM Servers. 
CoFreeUnusedLibrariesO; 

// We*re exiting this so shut down tiie COM Library. 
CoUninitializeO; 

You absolutely must release the COM inter&ce when you are done using it Failure to do so will result in the object 
r^naining in memory after the termination of your app. 

CoFreeUnusedLibrariesO will ask COM to remove our DirectLi^t factory (a server that created the COM object 
when we called CoCreatelnstanceQ) fi'om memory, and CoUninitializeO will shut down the COM library. 



DirectLi^t Class 

The DirectLight class contains fiie core functionality of the API. It contains functionality for setting ambient light 
values, global brightness of all tiie lights (gamma), and adding and removing vhtual lights. 
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enum Projectioiijrype{ 



SCAI^^B Y_VmTUALJDISTANCE_TO_CAMBRA_ONLY = 0, 
SCALE JBY_DISTANCE_AND_ANGLE = 1, 
SCALE_BY_DISTANCE_VIRTUAL_TO_REAL = 2 }; 



For an explanation of these values, see "Projection Types** in Direct Light Class 

enum Light_Type{ 

C.75 = 0, 
COVE_6«l}; 

For an explanation of Aese values, see ''Light Types" in Direct Light Class, or look at the online help for 
"DirectUg^t GUI Setiq)." 

enum Curve jrype{ 



These values represent different curves for lighting effects when &ding from one color to another. 
Public Member FUncticms: 

void Set_AmbientJLight( mtR, 

mtO, 
intB ); 

The Set^Ambi^JLlght function sets Ihe red, green and blue values of the ambient li^t to the values passed into 
the function. These values are in the range 0 - MAX_LIGHTJBRIGHTNESS. The Ambient light is designed to 
represent constant or ^Room Lights" m the application. Ambient Light can be sent to any or all real of the real-world 
lights. Each real world light can include any percentage of the ambient light. 

void StirJLights( void ♦userjdata ); 
StirJLights sends light information to the real world lights based on the light buffer created within DixectLights. Hie 
DirectLight DLL handles stkring the lights for you. This function is normally not called by the application 

VhtualJLight * Submit^Vutual Ji^t( float xpos. 



DIRECTLIGHT^LINEAR = 0, 
DIRECTUGHT_EXPONENTL\L= 1, 
DIRECTLIGHT^LOGARITHMIC = 2 }; 



float ypos, 
float 2pos, 



41 



.021O17O2A2_L> 



wo 02/101702 




tCT/US02/19000 



intred, 

iot greenly 
intblue ); 



Submit^VirtualJLight creates a Virtiial_Light instance. Its virtual position is specified by the first three values 
5 passed in, it's color by the secoiid three. The position should use application space coordniates. The values for the 
color are in the range 0 - MAXJJEOHT.BRIGRTNESS. This function returns a pointer to the light oreated. 

void RemoveJVirtual_Light( Virtual_Light * bad_light ); 
10 Given a pointer to a Virtual_Light instance, Remove^VirtualJLigJit will delete the virtual light 

void Set_Gamina( float gamma ); 
The SetjGamma fimclion sets Ihe gamma value of the Direct Light data structure. This value can be used to control 
15 flie overall value of alllhe lights, as every virtual li^t is multiplied by the gamma value before it is projected onto 
the real lights. 

void Set_CutofiLRange( float cutofifrange ); 
Set_CutofifRange sets the cutoff distance from the camenu Beyond this distance virtual lights will have no effect on 
real-world lights. Set the value high to allow virtual lights to affect real world lights fix>m a long way away. If the 
value is small virtual lights must be close to the camera to have any effect The value should be in implication space 
coordinates. 

void Clear JUlRealJJglitsC void ); 
Clear_All_Lig^ destroys all real lights. 

void Project_All_Lights( void ); 
Project_All_Lights calculates Ihe effect of every virtual on every real-world light, taking into account gamma, 
ambient and dynamic contributions, position and projection mode, cutoff angle and cutoff range, and sends the 
values to every real*world light. 

void Set_Ihdicator_Ck)lor( int whichjndicator, 

intred, 
int green, 
intblue ); 
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Indicators can be assigned to any of the leal world lights via die configoiatton file( myji^ts Ji ). Each indicator 
must have a unique non-native integer ID. Set_Indicator_Color dianges the color of the indicator designated by 
ivhich_indicator to flie red, green, and blue values specified If SetJDddicatorjColor is called wiOi an indicator id 
which does not exist, notliing will happ^ The user specifies v/idch lights should be indicators, but note fbst limits 
fliat are indicators can stiU be effected by the ambient and dynamic ligjits. 



Indicator Get_Indicator( int which__indicator ); 
Returns a pointer to the indicator vnth the specified value. 



int Get_RealJLi^t_Count( void ); 
Returns the number of real lights. 



void Get_My_Lights_Location( char buffer[MAX_PATHl ); 
Looks in the directory and finds the padi to the "my^lights-h" file. 



20 void Load__Real_Light_Configuration( char *fullpath = NULL ); 

Loads Ae "myjlights Ji" file fix)m the defeult location detennined by the registry. DirectLight will create a list of 
real lights based on the information in the file. 



25 void Suhmit_Real_Lig^t( char * indentifier, 

intDMX_port, 

ProjectionJIVpe projectionj^pe, 
int indicatorjiumber, 
float addjambient, 

30 float add^dynamic, 

float gamma, 
float cutoffangle, 
float X, 
floaty, 

35 float z ); 

Creates a new real light in fbe real world TypicaUy DkectiLi^ will load the real light information fix)m flie 
"myjights Ji" file at startup. 
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voidRemove_RieaI_Ligiit( RealJLi^* deadjigjit ); 
Safefy deletes an instance of a realli^ 
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Light GetAmbientLi^ ( void ); 



Returns a pointer to the ambient light 

bool RealLighiListEmpty ( void ); 
10 Returns true if the list of real lights is empty, false otherwise. 



Li^ Class 

15 

Ambient lights are defined as li^ts. Li^t class is the parent class for Virtual Lights and Real Li^ts. Member 
variables: 

static const mt MAXJJGHT_BRIGHTNESS, Defined as 255 

20 

LightingFX_List * mJFXjcurrently_attached. A list of the effects currently attached to this light 

ColorRGB m_color. Every light must have a color! ColorRGB is defined in ColorRGB Ji 

25 void AttachJFXC LightingFX * newJFX ) 

Attach a new lighting efifect to this virtual ligjit 

voidDetadiJfX( Li^itingFX * old^FX ) 
Detach an old lifting effect firom this virtual light 



35 Real Light mherits from tiie Light class. Real lights represent lights in die real world. Member variables: 
static const mt NOT^ANJNDICATORJULGHT defined as -1. 



30 



Real Lights 
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char injdeiitifier[100] is the name of the light ( like "oveihead" or "coveligjitl"). Unused by Directum except as a 
debugging tool 

int DMXjort is a unique non-negative intego- representing the channel the given light will receive information on. 
5 DMXinfonnation is sent om in a buffer with 3 bytes (red, green and blue) for each U^^^ j)ort*3)is 
actually die index of the red value for the specified light DhectLight DMX buffers are 512 bytes, so DirectLight 
can support approximately 170 lights. Large buffers can cause performance problems, so if possible avoid using 
large DMXjport numbers. 

10 LightJType mjtype describes the different models of Color Kinetics li^ts. Currently unused except by DirectLight 
GUI Setup to display icons. 

float m_add_ambient the amount of ambi^ light contribution to this ligjbits color. Range 0-1 



1 5 float m_add_dynamic the amount of dynamic li^ contribution to diis lights color. Range 0-1 

^ float m jgamma is the overall brightness of this light Range 0-1 . 

float m_cutofif_angle determines how sensitive the light is to the contribtions of the virtual lights around it Large 
20 values cause it to receive information from most vitual lights. Smaller values cause it to receive contributions only 
from virtual lights in the same are as the real lig^t 



Projectionjrype m_projection_type defines how Ae vutual li^ts mq> onto the real ligfhts. 

SCALEJ3 Y_VIRTUALJ5ISTANCE_TO_CAMERA_ONLY this real light will receive contributions from 
25 virtual lights based soley on the distance from the origin of the virtual coordmate system to the position of 

ibe virtual light The virtual light contribution fiides linearly as die distance from die origin apprY>aches the 
cutoff range. 

SCALEJBY_piSTANCE_AND_ANGLE this real light will receive contributions from virtual li^ based on 
the distance as computed above AND the difference in angle between the real li^t and the virtual light. 
30 The virtual light contribution fsides linearly as the distance from the origin approaches the cutoff range and 

the angle approaches die cutoff angle. 
SCALE^BY J3ISTANCE_VIRTUALjrO_REAL this real light will receive contributions from vfrtual lights 
based on the distance m 3-spac6 from real light to virtual light This mode assumes that die real and virtual 
coordinate systems are identical. The vutual light contribution fiides linearly as the distance fit>m real to 
35 virtual approaches the cutoff range. 



float mjcpos x,y,z position in virtual space, 
float m^ypos 
float m_2pos 
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int m Jndicatorjiiimber. if indicator is negative Hie light is not an indicator. If it is non-negative it mil only receive 
colors sent to tbat indicator number. 

5 

Virtual Li^ts 



Virtual Lights represent light sources within a game or other real time application that are mapped onto real-world 
Color Kinetics lights. Virtual Lights may be created, moved, destroyed, and have their color changed as often as is 
10 feasible within &e application. 



static const int MAXJLJGHT_BK[OHTN£SS; 
MAXJLIGHT_BRIGHTNBSS is a constant representing the largest value a light can have. In tiie case of most 

1 S Color Kinetics lights this value is 255 . Lights are assumed to have a range that starts at 0 

t 

void SetjColor( mtR, 

into, 

20 intB ); 

The Set_Color function sets the red, green and blue color values of the virtual light to the values passed into the 
fimction. 



25 void SetJPositiQn( float xjpos, 

float y_pos, 
float zjK>s ); 

The Set_Position ftmction sets the position values of the virtual light to the values passed into the fimction. Tlie 
position should use application space coordinates. 

30 

void GetJPosition( float *xjpos, 

float *yjPos, 
float *zj>os ); 

35 Gets the position of the light 



Lighting FX 
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Lighting FX are time-based effects canbe attached to real or virtual li^ts, or indicators, or even &e ambient 
ligjht Lifting effects can have other effects as children, in which case the childrrai are played sequentially. 

static const tat FX__OFF; Defined as -1 . 

static const mt START_TIME; Times to start and stop tiie effect This is a virtual value. The 

static const mt STOPJITME; individual effects will scale tiieir time of play based on the 

total. 

void Set_Realjrune( bool ReaLTune ); 
If TRUE is passed m, this effect will use real world time and update itself as often as StirJLights is called. If FALSE 
is passed in the effect will use ^plication time, and update every time Apply-FX is called. 
15 

void Set_TimeJB3ctr^olation ( bool extr^olate ); 
If TRUE is passed m, this effect will extrs^olate if s value when StirJLights is called. 

20 

void Attach_FX_To_Light ( Light * the_Ught ); 
Attadi this effect to flie li^t passed in. 

25 void Detach_FXJFrom_Ligiht ( Light ♦ the.light, 

bool remove JFXJfrom_li^t = true ); 
Remove this efifecf s contribution to the li^t If remove_FXjfrom_light is true, tiie effect is also detached from the 
light 

30 The above fimctions also exist as versions to effect Virtual lights. Indicator lights (referenced eith^ by a pointer to 
tile indicator or if s number ), Ambient light, and all Real Lights. 

void Start ( float FXjplayjdme, 
35 bool looping »fidse); 

Start the effect If looping is true tiie effect wiU start again after it ends. 

void Stop ( void ); 
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void Time JfaJUpC void); 
5 EiHier loop or slop playing the effect, since tinae it vp for it. 



void Update_Time ( float time j)assed ); 
Change how much game time has gone by for Hiis effect. 

10 

void Update JlealJTime ( void ); 
Find out how much real time has passed for tliis efifect 



void Update JBxtr^ohitedjrime ( void ); 
Cajange flie FX tone based on ejclrapolating how much ^Ucation time p&: real time we have had so far. 



20 Vfftual void Apply^FX ( ColorRGB &base_color ); 

This is the principle Ughting function. When Lighting_FX is inherited, tiiis function does aU the uxq)ortant woik of 
actually changing die Ughf s color values over time. Note tiiat you can choose to add your value to flie existing light 
value, replace die existing value with your value, or any combmation of die two. This way Lighting effects can 
override the existing lights or sitaply supplant theuL 



30 



static void UpdatB_.All.FX_THne ( float timejpassed ); 
Update the time of all the effects. 



voidApply_FXjro_AU_VirtualJLights( void ); 

Apply tills effect to all virtual, ambient and indicator lights that are appropriate. 



35 void ApplyJUlJFXJTo^AUJVutoalLights ( void ); 

Apply each effect to all virtual, ambient and mdicator lights that are ^propriate. 



void Apply_AllJPX_To JteaLLi^t ( RealJLi^t * tiiejrealjight ); 
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Appfylfais efiEectto a single teal li^t 

void StartJNext_ChildFX ( void ); 
5 Iffiiis effect has child efEect, start tiie next (me. 

void Add_ChildEX ( LightingFX * the^child, 

float timeshare ); 

10 Add a new child efifect onto the ead of the list of child effects &at this effect has. Timeshaie is this child's share of 
the total time the effect will play. The timeshares dont have to add up to one, as the total shares are scaled to match 
the total real play time of the effect 

15 void Become_Chttd_Of ( LightingJOC ♦ 1he_parait ); 

Become a parent of the specified e£fect 

void Inherit_Light_List ( AfifectedJLights * oiir_lights ); 
20 Have this effect and all it's children inherit the list of lights to affect 



25 Configuration File 

The file "niy_lig)its.h*' contains informaticm about real-world lights, and is loaded into the DirectLigiht system at 
startup. The files "tey.ligjits Ji*' and ligjxt^definitions.h*' must be included in the same directory as the application 
usmg DirectLig^ts. 

30 

"my_lights.h" is created and edited by the DirectLight GUI Setup prograuL For more information on how to use the 
program check the online help within the program. 

Here is an example of a ^y_lights Ji** file: 

35 

iimiiiuiiiiimiiiiiiiiimiiiiiiiiiim 
II 
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//myJi^tsJi 
// 

// Configuration file fer Color Kinetics lights 
// usedl>yDirec£Ligbts 
5 // 

// This file created DirecrtLigtits GIH Setu^ 
// 

miimuimmuuimimmniiiiiimm 

10 //Load up tlie basic structures 
#include "LightJ>efinitions.h" 

// overall gamma 

float OVERAIX-JGAMMA « 1-0; 

15 

// which DMX interfece do we use? 
int DMXJNTBRFACEJNUM « 0; 

iiniiiiiiiuiiiiiiiiiinifmiim 
20 // 

// This is a list of all Ihe real lights in the world 
// 

Realjight myJights[MAXJLIGHTS] = 



25 



30 



35 



//NAME PORT 


TYPEPRJIND AMB DYN GAMMA CUTOFF 


X 


Y 


z 


"Ovahead", 


0, 


1. 


0, 


-1. 


1.000. 


0.400, 


1.000. 


3.142, 


0.000, 


-1.000, 


0.000, 


"Leff*. 


1. 


0, 


1, 


-1. 


0.000, 


1.000, 


1.000, 


1.680, 


-1.000, 


0.000, 


0.000, 


"Riglit", 


2. 


0, 


1, 


-1, 


0.000, 


1.000, 


0.800, 


1.680, 


1.000, 


0.000, 


0.000, 


"Bade", 


3, 


0, 


1, 


-1, 


0.000, 


1.000, 


1.000, 


1.680, 


0.000, 


0.000, 


-1.000, 


"LeftCoveO", 


4, 


0, 


1, 


0, 


0.000, 


0.000, 


1.000, 


0.840, 


-0.500, 


-0.300, 


0.500. 


"LeffcCovel", 


5, 


0. 


1, 


1, 


0.000, 


0.000, 


l.OOO, 


0.840. 


-0.500, 


0.100, 


0.500. 


"LeftCove2", 


6, 


0, 


1, 


-1, 


0.000, 


0.000, 


1.000, 


0.840, 


-0.500. 


0.500, 


0.500, 


"CenterCoveO", 


7, 


0, 


1, 


-1, 


0.000, 


0.000, 


1.000, 


0.840, 


-0.400. 


0.700. 


0.500, 


"CenterCovel", 


8. 


0. 


1, 


-1, 


0.000, 


0.000, 


1.000. 


0.840. 


-0.200. 


0.700, 


0.500, 


"C«itetCove2", 


9. 


0, 


1, 


-1, 


0.000. 


0.000. 


1.000, 


0.840, 


0.200, 


0.700, 


0.500, 


"CrarterCoveS", 


10. 


0, 


1, 


-1, 


0.000. 


0.000, 


1.000. 


0.840. 


0.400, 


0.700, 


0.500, 


"R^tCoveO", 


11, 


0, 


1, 


2, 


0.000, 


0.000. 


1.000, 


0.840, 


0.500, 


0.500, 


0.500, 


"RightCover, 


12. 


0. 


1, 


-1. 


0.000, 


0.000, 


1.000, 


0,840, 


0.500, 


0.100, 


0.500, 


"RighlCk)ve2", 


13, 


0, 


1. 


-1, 


0.000, 


0.000. 


1.000, 


0.840. 


0.500, 


-0.300, 


0.500, 
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5 This example file is taken from ovir offices, v/here we had lights setup around a computer, witii the following lights 
(referenced from someone sitting at the monitor): One overhead (mostly ambient); one on each side of our head 
(Left and Right); one behind our head; Three each along the top, left and right side of liie monitor in fix>nt of us. 

Each line in the ^'myjigihts" file represents one Real_Lig^t Each ReaTUght instance represents, surprise surprise, 
10 one real-world light 

The lower lights on the left and ri^t side of the monitor are indicators 0 and 2, tiie middle light on the left side of 
the monitor is indicator 1. 

15 The positional values are in meters. Z is into/out of the plane of the monitor. X is vertical in the plane of ^e 
monitor, Y is horizontal in the plane of the monitor. 

MAX_LIGHTS can be as high as 170 for each DMX universe. Each DMX universe is usually a single physical 
connection to die computer (COMl, for example). The larger MAX_LIGirrS is, the slower the lig^its will respond, 
20 as MAXJLIQHTS determines Hie size of the buffer sent to DMX (MAX_IJGHTS * 3) Obviously, larger bufifeis 
. will take longer to sead. 

OVERALLjGAMMA can have a value of 0 - 1. This value is read into DirectLi^its and can be dianged during 
run-time. 

25 

Having thus described several illustrative embodiments of the invention, various 
alterations, modifications, and improvements will readily occur to those skilled in fhe art. Such 
alterations, modifications, and improvements are intended to be within the spirit and scope of the 
30 invention. Accordingly, the foregoing description is by way of example only, and is not intended 
as limiting. The invention is limited only as defined in tiie following claims and tiie equivalents 
thereto. 

What is claimed is: 



51 



BNSOOaO: <WQ Q g1Q1702A2 I > 



wo 02/101702 




PCT/US02/19000 



We Claim: 

1 . A method for controlling a plurality of lirfit systems, comprising: 

5 providing a plurality of light systems adapted to receive Avireless communications; 
providing a transmitter adapted to transmit wireless communication signals; 
transmitting a lighting control signal from the transmitt^ to the plurality of Ught systems; and 
changing a light effect generated by at least one of tiie plurality of light systems in response to 
the lighting control signal. 

10 

2. The method of claim 1 wherein tibie step of providing a plurality of light systems 
comprises providing a plurality light systems adapted to produce color-changing effects. 

3. Hie method of claim 2 wherein the step of providing a plurality light systems adapted to 
IS produce color changing effects comprises providing a plurality of LED based light systems 

adapted to produce color changing effects. 

4. The method of claim 3 wherein the step of providing a plurality of LED based li^t 
systems adapted to produce color changing effects comprises providing a plurality of uniquely 

20 addressable LED based light systems adapted to produce color changing effects. 

5. The method of claim 1 further comprising the step of arranging the plurality of light 
systems in an audience. 

25 6. The method of claim 5 wherein the step of changing a light effect generated by at least 
one of the plurality of light systems in response to the lighting control signal comprises changing 
a light effect generated by the plurality of light systems in the audience. 

7. The method of claim 6 wherein the st^ of arranging the plurality of Ught systems in an 
30 audience comprises arranging the plurality of light systems in an audience of a stadium. 
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8. The method ofclaim 7 v^^in the stadium compri^ 

Olympic stadium, soccer stadium, baseball stadium, track and field stadium, indoor stadium, and 
outdoor stadium. 

5 9. The method of claim 6 wherein the step of arranging the plurality of light systems in an 
audience comprises arranging the plurality of light systems along a parade route. 

1 0. The method of claim 1 herein the wireless commimication signals comprise RF signals. 

10 11. The method of claim 1 wherein the wireless communication signals comprise IR signals. 

12. The method of claim 1 wh^in the wireless communication signals comprise microwave 
signals. 

15 13- The method of claim 1 wherein the wireless commimication signals comprise acoustic 
signals. 

14. The method of claim 1 \s4ierein the transmitter is further adapted to transmit omni- 
directional lighting communication signals. 

20 

15. The method of claim 1 wherein the transmitter is further adapted to transmit directional 
lighting communication signals. 

16. The method of claim 15 further comprising the step of directing the directional 

25 communication signals such that a portion of the plurality of light systems mscy be affected by 
the directional conomunication signals. 

17. The method of claim 16 ftirfher comprising the step of changing the direction of the 
directional communication signal such that a second portion of the plurality of light systems is 

30 affected by the directional communication signals. 
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18. The method of claim 1 wherein the step of transmitdng a lighting control signal fix)m the 
transmitter to the plurality of light systems comprises transmitting a lighting control signal fix>m 
the transmitter to the plurality of li^t systems in a pattern. 

5 19. The method of claim 1 8 wherein the pattern comprises a raster patt^. 

20. The method of claim 1 8 \\dierein the pattern comprises a static patt^. 

21 . The method of claim 1 8 wherein the pattern comprises a dynamic pattertL 



10 



22. The method of claim 1 8 wherein the patten comprises at least one of an Olympic ring 
pattern, a logo, a team logo, a trademark, a team trademark, an advertisement, and an image. 



23. The method of claim 1 wherein tihe step of transmitting a lighting control signal from the 
15 transmitter to the plurality of light systems comprises transmitting a blanking control signal from 
the transmitter to the plurality of light systems. 



24. The method of claim 23 wherein the step of changing a light e£Eect generated by at least 
one of the plurality of light systems in response to the lighting control signal comprises turning 

20 at least one of the plurality of light systems off in response to the blanking signal. 

25. The method of claim 23 wherein the step of changing a light effect generated by at least 
one of the plurality of light systems in response to the lighting control signal comprises turning 
at least one of the plurality of light systems to a set color in response to the blanking signal. 

25 

26. The method of claim 1 v^erein the step of transmitting a lighting control signal from the 
transmittCT to the plurality of light sj^ems comprises transmitting an initiation signal control 
signal from the transmitter to the plurality of light systems. 

30 27. The method of claim 26 wherein the step of changing a light effect generated by at least 
one of the plxirality of light systems in response to the lighting control signal comprises 
executing a lighting program in at least one of the pivirality of light systems in response to the 
initiation signal. 
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28. The method of claim 1 wherein the step of changiiig a light efifect generated by at least 
one of the plurality of light systems comprises changing a li^t effect generated the plijrality of 
light systems. 

5 29. Themethodof claim 28 wherein the effect generated by the pluraUty of Ught systems 
appears coordinated. 

30. The method of claim 28 wherein tibe effect generated by the plurality of lig^t systems 
generates a pattern. 

10 

31. The method of claim 30 wherein the pattern is apparently a static pattern. 

32. The method of claim 30 wherein the pattern comprises a dynamic pattern. 

15 33. The method of claim 30 wherein the dynamic pattern is color changing. 

34. The method of claim 1 further comprising the step of: 

providing a li^t management facility for mapping the positions of the jplurality of light 
systems; 

20 generating a map file that maps the positions of the plurality of light systems; 

generating an effect using a computer application; and 

associating characteristics of the light systrais with code for the computer application. 

3 5 . The method of claim 34 wherein generating the effect comprises generating a computer 
25 gr^hicsfile. 

36. The method of claim 35, wherein the file comprises at least one 2D graphics file. 

37. The method of claim 35, wherein the file comprises at least one 3D graphics file. 

30 

38. The method of claim 34, wherein generating the effect comprises using at least one of a 
bitmap and a vector coordinate. 
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39. Hie mefhod of claim 34, wherein generating the effect comprises using a generation 
function* 



40. The method of claim 34, wherein the light management facility generates a configuration 
5 file for the plurality of light systems that stores at least one of the position, intensity, color, 

illumination characteristics, location, and type of the lighting system. 

41 . The metibiod of claim 40, wherem a configuration file is generated by associating a 
lighting system with a location in an oivironment. 

10 

42. A method for controlling a pliirality of light systems, comprising: 

providing a plurality of Ught systems wherein each of the plurality of Ught systems is 
adapted to execute a program at a predetermined time; 

assembling the plurality in an enviromnent; 
15 executing the program in each of the light systems at the predetermined time to provide a 

lighting effect fix>m each of the light systems in the plurality of Ught systems. 

43. The method of claim 42 wherein the time corresponds with an event 

20 44. The method of claim 43 wherein the event comprises a period of time corresponding to a 
portion of at least one of an Olympic event, football event, soccer event, baseball event, and 
sportmg event. 

45. The method of claim 42 wherein the predetermined time is determined during 
25 manufacture of the each of the light systems of the plurality of light systems. 

46. The method of claim 42 wherein the predetermined time is determined at a time after 
manufacture the light system. 

30 47. The method of claim 42 \s^erein the step of assembling the plurality in an envhronment 
comprises assembling the plurality in an audience. 
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48. The method of claim 42 \^erem the Step of assOTibli^ 
comprises assembling tiie plurality in an stadium. 

49. The method of claim 42 wherein the step of assembling the plurality in an environment 
5 comprises assembling the plurality in an parade route. 

50. The method of claim 42 wherein the lighting effect comprise a static pattern. 

5 1 . The method of claim 42 vdi^ein the lighting effect comprise a dynamic pattern. 

10 

52. A method of communicating with a lighting device, comprising: 

providing a mobile light system adapted to receive communication signals; and 
communicating with the light system to cause the ligjit system to generate a lighting 

effect 

15 

53. The method of claim 52 wherein the mobile light system further comprises a handheld 
housing. 

54. The method of claim 52 wherein the mobile light system further comprises a transmitter. 

20 

55. The method of claim 52 wherein the light system comprises a color changing light 
system. 

56. The method of claim 55 wherein the color changing light system comprises a color 
25 changing LED light system. 

57. The method of claim 52 wherein the step of communicating with the light system to 
cause the light system to generate a lighting effect comprises communicating with the light 
system to cause the light system to generate a lighting effect to indicate a person associated with 

30 the light system has been tagged. 

58. The method of claim 52 wherein the lighting effect is a new lighting effect for the light 
system. 

57 

BNSOOCID: <WO__02101702Aa_Lj> 



wo 02/101702 




PCT/US02/19000 



59. The tnefhod of claim 52 wherein the lighting effect comprises a priority. 

60. The method of claim 58 wherein the priority indicates the level of access a user has to the 
lighting effect from the light system, 

5 

61 . The method of claim 58 wherein the priority changes a priority in the light system. 

62. The method of claim 58 wherein flie priority changes the priority of a plurality of lighting 
effects in the light system. 

10 

63 . The method of claim 58 wherein the changed priority indicates the new lighting effect is 
the first priority. 

64. The method of claim 58 wherein the priority controls a level at which the lighting effect 
15 will be available. 

65. A light system, comprising: 

a color obflnging light system adapted to receive wireless communications and generate a 
color in response to a received conmiunicadon. 

20 

66. The light system of claim 65wherein the color changing light system further comprises 
an LED based color changing light system. 

67. The light system of claim 66 \^dierein the LED based color changing light system is 
25 adapted to generate color changing effects using red, green and blue LEDs. 

68. The light system of claim 65, further comprising: 
a wireless transmitt^. 

30 69. An enviroimient comprising a plurality of light systems of claim 65 wherein eadh of the 
plurality of light systems is arranged in close proximity to another of the plurality such that a 
coordinated lighting effect can be generated in the plurality of light syst^ns. 
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70, The enviiomnent of claim 68 wherein the environment comprises at least one of a orowd 
of people, audience, stadium, concert hall, indoor environment, outdoor environment, parade 
route, park, and amusement park. 

5 71 . The system of claim 65 wherein the light system is adapted to receive at least one of an rf 
signal, IR signal, microwave signal, electromagnetic signal, and acoustic signal. 

72. The system of claim 65 wherein the color changing light system is further adapted to 
execute a program upon receipt of an initiation signal. 

10 

73. The system of claim 65 wherein the color changing light system is furthCT adapted to read 
data from the received communication and generate the color based on the data; 

74. The system of claim 73 wherein the color changing light system is further adapted to use 
15 a look-up table to generate the color. 

75. The system of claim 65 wherein the color changing light system is further adapted to 
, generate tibe color at a predetermined time. 

20 76. The system of claim 75 vsiierein the predetermined time corresponds with an event. 

77. The system of claim 76 wherein the event comprises a time period associated with at 
least one of an Olympic event, football event, soccer event, baseball event, and sporting event. 

25 78. The environment of claim 69 wherein the coordinated light effect comprises a static light 
effect 

79. The environment of claim 69 wherein the coordinated light effect comprises a dynamic 
lig^t effect. 



30 



80. The environment of claim 69 wherein the coordinated light effect comprises an image. 

8 1 . The enviroimient of claim 69 wherein the coordinated light effect comprises a pattern. 
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82, The environment of claim 80 wherein the pattern comprises an Olympic ring pattern, a 
logo, a team logo, a trademark, a team trademark, and an advertisement 

83- A lighting control system, comprising: 
5 a controller adapted to generate a first lighting control signal; 

a wireless transmitter adapted to transmit the first lighting control signal to a light 

system. 

84. The systCTi of claim 83 wherein the wireless transmitter is adapted to transmit the first 
10 lighting control signal directionally. 

85. The system of claim 84 wherein the wireless transmitter is further adapted to change the 
direction of the transmission. 

15 86. The system of claim 85 wherein the wireless transmitter is adapted to rotate the 
transmission about an axis. 

87. The systCTi of claim 83 wherein the wireless transmitter is adapted to transmit the first 
lighting control signal over a wide area. 

20 

88. The system of claim 83 wherein tiie controller is fiirfher adapted to generate a second 
lighting control signal and the wireless transmitter is fiirCher adapted to transmit the second 
lighting control signal to at least a second light system. 

25 89. The system of claim 88 wherein the first lighting control signal and the second lighting 
control signal comprise different data. 

90. The system of claim 89 wh^in the transmitter is fiirther adapted to substantially 
simultaneously transmit the first lighting control signal and the second lighting control. 

30 

91 . The system of claim 83 whwein the controlla fiirther comprises: 

a light management facility for mapping the positions of a plurality of light systems and 
generating a map file that maps the positions of a plurality of light systems; 
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a computer implication ad^ited to graerate an effect; and 

an association system ad^ted to associate characteristics of the li^t systems with code 
for the compizter application. 

5 92. A system of claim 91 , herein the computer application is adapted to generate a 
computer graphics file. 

93. A system of claim 92, wherein the file comprises at least one 2D gr^hics file. 

10 94. A system of claim 92, wherein the file comprises at least one 3D graphics file. 

95. A system of claim 9 1 , wherein the computer application is adapted to generate the effect 
using at least one of a bitmap and a vector coordinate. 

15 96. A system of claim 9 1 , wherein the computer appUcation is adapted to generate the effect 
using a generation function. 

97. A system of claim 9 1 , wherein the light management facility generates a configuration 
file for a plurality of light systems that stores at least one of the position, intensity, color, 

20 illumination charactcdistics, location, and type of the lighting system. 

98. A system of claim 97, wherein the configuration file is generated by associating a 
lighting system with a location in an environment. 

25 99. A system of claim 98 wherein the enviromnent is selected fi'om the group consisting of a 
stadium, concert hall, and parade route. 

100. A system of claim 97, whoem the configuration file is generated by associating a 
plurality of addressable light systems with surfaces that are lit by the light systems. 

30 

101 . A system of claim 91 , wherein the association system is adapted to generate code for the 
Ughting control signal based on code for the computer application. 
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1 02. A system of claim 9 1 , -vtiierein the association system is adapted to use an algorithm of 
the computer application to generate the lighting control signal. 
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SYSTEMS AND METHODS OF CONTROLLING LIGHT SYSTEMS 

Field of the Inventioii 
The present invention relates to lighting systems, and more particidarly, embodiments of 
5 the present invention relate to methods and apparatus for controlling various light sources. 

Backgromicl 

Networked lighting control has become increasingly popular due to the variety of 
illumination conditions that can be created Color Kinetics Incorporated offers a full line of 

10 networked lifting systems as well as controllers and light-show authoring tools. Control 
signals for lighting systems are generally generated and communicated through a network to a 
plurality of lighting systems. Several lighting systems may be arranged in a lighting network and 
information pertaining to each lighting device may be communicated to througli the network. 
Each lighting device or system may have a unique identifier or address such that it only reads 

15 and react to information directed at its particular address. 

Summary of the Invention 

Provided herein are methods and systems for generating a control signal for a ligiht 
system. The methods and systems include &cilities for providing a light management &cility for 

20 mapping the positions of a plurality of lig^t systems, genraating a map file that maps the 
positions of a plurality of light systems, generating an effect using a computer application, 
associating characteristics of the light systems with code for the computer application, and 
generating a lighting control signal to control the light systems. 

Provided herein are methods and systems for controlling a light system. The methods 

25 and systems may include providing graphical information; associating a plurality of addressable 
Ught systems with locations in an environment; and converting the graphical information to 
control signals capable of controlling the light systems to illuminate the envirormient in 
correspondence to tiie graphical information. 

Provided herein are methods and systems for controlling a light system. The methods 

30 and systenos may include accessing a set of information for producmg a graphic; associating a 
plurality of addressable light systems with locations in an environment; and applyii^ an 
algorithm to the graphical information tq convert the gmphical information to control signals 
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enable of controlling the light systems to create an effect in the environment in correspondence 

to Has gn^hical information. 

Provided herein are metiiods and systems for generating a Ughting effect in an 
environment The metiiods and systems may include generating an image using a non-Ughting 
5 system; associating a plurality of U^t systems vdUi portions m an environment and using the 
association of the Ught systems and positions to convert the image into control signals for a Ught 
system, wherein the hght system generates an effect that corresponds to the image. 

Provided herein are methods and systems for generating a control signal for a light 
system. The methods and systems may include providing a Ught management feciUty for 
10 mapping tiie positions of a plurality of light systems; using the Ught management faciUty to 
■ generatem^filesthatmapthepositionsofapluraUtyofUghtsystems;usingananimation 

fedUty to generate apluraUty of grtqjhics ffles; associating the positions of the Ught systems in 
flie map ffles vdth data in tiie gr^hics files; and generating a Ughting control signal to control 
the Ught systems in association with the gr^hics ffles. 
15 Provided herein are methods and systons for conlroUing a Ughting system. The methods 

and systems may include obtaming a Ughting control signal for a pluraUty of Ught systems in an 
environment; obtaining a graphics signal from a computer, and modifying tiie Ughting control 

signal in response to the content of the graphics signal. 

The present invention eliminates many ofthe problems associated witii the prior art An 

20 embodiment of tiie invention is a system for generating control signals. The system may allow a 
user to generate an image, representation of an unage, algorithm or other effect information. The 
efffect mformation may tiien be converted to Ughting control signals to be saved or 
communicated to a networked Uniting system. An embodiment of tiie invention may enable tiie 
authoring, generation and communication of control signals such tiiat an effect is generated m a 

25 space or area. 

A system accordmg to the principles of tiie invention may include tiie generation of 
image mformation and conversion of tiie unage mformation to contix)! signals capable of 
controUing a networked Ughting system, hi an embodunent, configuration information may be 
generated identifying a pluraUty of addressable Ughting systems witii locations witiim an area or 
30 space. In an embodiment, configuration information may be generated associated Ughted 

surfeces witii Ughting systems, hi an embodiment, control signals may be communicated to a 
Ughting network comprismg apluraUty of addressed Ughting systems, hi an embodiment, sound 
or other effects may be coordmated wifli Ughtmg conti»l signals. 
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An embodiment of the present invCTtion is a system and method for controlling a 
plurality of light systems. The system and method may include providing a plurality of light 
systems adapted to receive wireless communications; providing a transmitter adapted to transmit 
wireless commxmication signals; transmitting a lighting control signal from the transmitter to the 

5 plurality of light systems; and changmg a light effect generated by at least one of the plurality of 
light systems in response to the lighting control signal. 

An embodiment of the present invention is a system and method for controlling a 
plurality of li^t systems. The system and method may include providing a pluraliiy of light 
systems wherein each of the plurality of light systems is adapted to execute a program at a 

10 predetermined time; assembling the plurality in an environment; executing the program in each 
of the light systems at the predetermined time to provide a lighting effect from each of the light 
systems in the plurality of light systems. 

An embodiment of the present invention is a system and method of communicating witii 
a lighting device. The system and method may include providing a mobile light system adapted 

15 to receive communication signals; and commimicating with the light system to cause the light 
system to generate a lighting effect 

An embodiment of the present invention is a light systeni. The light system may include 
a color changing light system ad^ted to receive wireless commimications and generate a color 
in response to a received communication. 

20 An embodiment of the present invention is a lighting control system. The lighting 

control system may include a controller adapted to gen^^e a first lighting control signal; and a 
wireless transmitter adapted to transmit the first lighting control signal to a light system. 

Brief Description of the Figures 
25 The following figures depict certain illustrative embodiments of the invention in which 

like reference numerals refer to like elements. These depicted embodiments are to be understood 
as illustrative of the invention and not as limiting in any way. 

Fig. 1 is a representation of an environment in v/bich a plurality of light systems are 
disposed. 

30 Fig. 2 is a schematic diagram showing control of a plurality of lights using a group of 

control elements. 

Fig. 3 is a schematic diagram showing elements for generating a lighting control signal 
using a configuration facility and a graphical representation fecility. 
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Fig. 4 is a schematic diagram showing elements for generating a lightmg control signal 
fiom an animation fecility and light management &cili1y. 

Fig. 5 illxistrates a configuration file for data relating to light systems in an environment 

Fig. 6 illustrates a virtual representation of an environment using a computer screen. 
5 Fig. 7 is a representation of an enviroimient with light systems that project light onto 

portions of the environment 

Fig, 8 is a schematic diagram showing the propagation of an effect through a light 

system. 

Fig. 9 is a flow diagr^T" showing steps for using an image capture device to detennine 
10 the positions of a plurality of light systems in an environmCTt. 

Fig. 10 is a flow diagram showing steps for interacting wifli a gr^hical user interface to 
generate a lighting effect in an environment. 

Fig. 1 1 is a schematic diagram deleting light systems that transmit data that is generated 
by a network transmitter. 

15 Fig. 12 is a flow diagram showing steps for generating a control signal for a light system 

vising an object-oriented programming technique. 

Fig. 13 is a flow diagram for executing a thread to generate a lighting signal for a real 
world light system based on data firom a computer application. 

Figure 14 illustrates a lighting system according to the principles of the present mventiorL 
20 Figure 15 illustrates a lighting system according to the principles of the present 

Figure 16 illustrates a lighting system according to the principles of the present mvention 
including stadium seating and an image geuCTated in the seating area. 

Figure 17 illustrates a stadium lighting control system according to the principles of the 
present invention. 

25 Figure 18 illustrates a stadium lighting effect according to the principles of the present 

invention. 

Detailed Description of the Preferred Embodiment(s> 
The description below pertains to several illustrative embodiments of the invention. 
30 Although many variations of the invention may be mvisioned by one skilled in the art, such 
variations and improvements are intended to fall withm the compass of tiiis disclosure. Thus, 
the scope of the invention is not to be limited in any way by the disclosure below. 
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An embodiment of this invention relates to systems and methods for generating control 
signals. The control signals may be used to control a lighting system, lighting network, light, 
LED, LED lighting system, audio system, surround sound system, fog machine, rain machine, 
electromechanical system or other systems. Lighting systems like those described in U.S. Patent 
5 Nos, 6,016,038, 6,150,774, and 6,166,496 illustrate some different types of Ughting systems 
where control signals may be used 

To provide an overall mderstanding of the invention, certain illustrative embodiments 
will now be described, including various ^plications for programmable lights and lighting 
systems, including LED-based systems. However, it will be understood by those of ordinary 
10 skill m the art fliat the methods and systems described herein may be suitably ad^ted to other 
environments vAigxg programmable lifting may be desired, and embodiments desoibed herein 
may be suitable to non-LED based lightmg. One of skill in the art would also understand that 
flie embodiments described below could be used in conjtmction with any type of computer 
software that need not be an authoring tool for lighting control systems, but of varioxis other 
15 types of computer application. Further, the user need not be operating a computer, but could be 
operating any ^e of computing device, capable of running a software application that is 
providing that user witii information. 

In certain computer ^^licatipns, there is typically a display screen (which could be a 
personal compute screen, television screen, laptop screen, handheld, gameboy screen, computer 
20 monitor, flat screen display, LCD display, PDA screen, or other display) that represents a vktual 
environment of isome type. There is also typically a user in a real world enviroimient>that 
surrounds the display screen. The present invention relates, among other things, to using a 
computer ^plication in a virtual environment to generate control signals for systems, such as 
lighting systems, that are located in real world enviromnents. 
25 Referring to Fig. 1, in an embodiment of the invention described herein, an enviroimient 

100 includes one or more light systems 102. As used herein "light systems" should be 
understood whore context is appropriate to comprise all light systems, including LED systems, 
as well as incandescent sources, including filament lamps, pyro-luminescent sources, such as 
flames, candle-luminescent sources, such as gas mantles and carbon arc radiation sources, as 
30 well as photo-luminescent sources, including gaseous discharges, fluorescent sources, 

phosphorescence sources, lasers, electro-luminescent sources, such as electro-luminescent 
lamps, light emitting diodes, and cathode luminescent sources using electronic satiation, as well 
as miscellaneous luminescent sources including galvano-luminescent sources, crystallo- 
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luminescent sources, kme-luminescent sources, thermo-luminescent sources, tribolummescent 
sources, sonoluminescent sources, and radioluminescent sources. Light systems 102 may also 
include luminescent polymers capable of producing colors, such as primary colors. In one 
preferred embodiment, the Ught systems 102 are LED-based Ught systems. In one preferred 
5 embodiment, the light systems 102 are capable of mixing two colors of Ught, which might be 
red, green, blue, white, amber, or olher colors of Ught hi one embodiment, the colors of Ughts 
may be different colors of ^te U^t. Le., white Ughts of different color temperatures. 

As used herein, the term "LED" means any system that is capable of receiving an 
electrical signal and produdng a color of Ught in response to the signal. Thus, the term "LED" 
10 should be understood to include Ught emitting diodes of aU types. Ught emittmg polymers, 

semiconductor dies that produce Ught in response to current, organic LEDs. electro-luminescent 
strips, and other such systems. In an embodiment, an "LED" may refer to a single light emitting 
diode having multiple semiconductor dies that are individually controUed. It should also be 
understood that the term 'XED" does not restrict the package type of the LED. The term "LED" 
15 mcludes packaged LEDs, non-packaged LEDs, surfece mount LEDs, chip on board LEDs and 
LEDs of aU ottier configurations. The terai 'TLED" also includes LEDs packaged or associated 
with phosphor v^^inlhe phosphor may convert energy ftom the LED to a different 
wavelength. An LED system is one type of iUumination source. 

The term "Uluminate" should be understood to refer to the production of a frequency of 
20 radiation by an iUumination source. The terms "Ughf and "color" should be understood viiere 
context is appropriate to refer to any fiequency of radiation within a spectrum; that is, a "color" 
of "light," as used herein, should be understood to encompass a frequency or combination of 
frequencies not only of the visible spectrum, including white Ught, but also frequencies m the 
infrared and ultraviolet areas of the spectrum, and in other areas of the electromagnetic 
25 spectrum. 

Fig. 2 is a block diagram iUustratmg one embodiment of a Ughting system 200. A 
processor 204 is associated several Ughts 208. The processor sends control signals to the Ughts 
208. Such a system may optionaUy have one or more mtermediate components between the 
processor and the Ughts 208, such as one or more controUers, ttansistors, or Ihe Uke. 
30 As used herein, the term processor may refer to any system for processing electronic 

signals. A processor may include a microprocessor, microcontroUer. programmable digital 
signal processor, other programmable device, a controUer, addressable controUer, 
microprocessor, microcontroUer, addressable microprocessor, computer, programmable 
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processor, progranunable controller, dedicated processor, dedicated controller, integrated circuit, 
control circuit or other processor, A processor may also, or instead, include an application 
specific integrated circuit, a programmable gate array, programmable array logic, a 
programmable logic device, a digital signal processor, an analog-to-digital converter, a digital- 
5 to-analog converter, or any other device that may be configured to process electronic signals. In 
addition, a processor may include discrete circuitry such as passive or active analog components 
including resistors, capacitors, inductors, transistors, operational amplifies, and so forth, as well 
as discrete digital components such as logic components, shift registers, latches, or any other 
separately packaged chip or other component for realizing a digital fimction. Any combination 
no of the above circuits and components, whether packaged discretely, as a chip, as a chipset, or as 
a die, may be suitably ad^ted to use as a processor as described herein. It will fijrther be 
appreciated that the term processor may apply to an integrated system, such as a personal 
computer, network server, or other system that may operate autonomously or in response to 
commands to process electronic signals such as those described herein. Where a processor 
15 includeis a programmable device such as the microprocessor or microcontroller mentioned 

above, the processor may further include computer executable code that controls operation of the 
programmable device. In an embodiment, the processor 204 is a Microchip PIC processor 
12C672 and the lights 208 are LEDs, such as red, green and blue LEDs. 

liie processor 204 may optionally include or be used in association with various other 
20 components and control elra^ients (not shown), such as a pulse width modulator, pulse amplitude 
modulator, pulse displacement modulator, resistor ladder, current source, voltage source, voltage 
ladder, switch, transistor, voltage controller, or other controller. The control elements and 
processor 204 can control current, voltage and/or power through the lights 208. 

In an embodiment, several LEDs with different spectral output may be used as lights 208. 
25 Each of these colors may be driven through separate channels of control. The processor 204 and 
controller may be incorporated into one device. This device may power capabilities to drive 
several LEDs in a string or it may oidy be able to support one or a few LEDs directly. The 
processor 204 and controller may also be separate devices. By controlling the LEDs 
independently, color mixing can be achieved for the creation of lighting efifects. 
30 In an embodiment, memory 210 may also be provided. The memory 210 is capable of 

storing algoritiuns, tables, or values associated with the control signals. The memory 210 may 
store programs for controlling the processor 204, other components, and lights 208. The 
memory 210 may be memory, read-only memory, programmable memory, programmable read- 
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only memory, electronically erasable programmable read-only memory, random access memory, 
dynamic random access memory, double data rate random access memory, Rambus direct 
random access memory, flash memory, or any other volatile or non-volatile memory for storing 
program instructions, program data, address information, and program output or other 
5 intermediate or final results. 

A program, for example, may store control signals to operate several different colored 
lights 208. A user interfece 202 may also optionaUy be associated with the processor 204. The 
usCT inter&ce 202 may be used to select a program firom memory, modify a program firom 
memory, modify a program parameter firom memory, select an external signal or provide other 
10 user interface solutions. Several methods of color mixing and pulse width modulation control 
are disclosed in U.S. Patent 6,016,038 "Multicolored LED Lighting Method and Apparatus," the 
entire disclosure of which is incorporated by reference herein. The processor 204 can also be 
addressable to receive programming signals addressed to it For example, a processor 204 can 
receive a stream of data (or Ughting control signals) that includes data elements for multiple 
15 similar processors or other devices, and the processor 204 can extract firom the stream the 
appropriate data elements that are addressed to it In an embodiment, tiie xiser interface can 
include an authoring system for generatiiig a lighting control signal, such as described in more 
detail below. 

There have been significant advances in tiie control of LEDs. U.S. Patents in the field of 
20 LED conHol mclude Ser. Nos. 6,016,038, 6,150,774, and 6,166,496. U.S. Patent Application 
No. 09/716,819 for "Systems and Methods for Generating and Modulating Illummation 
Conditions" also describes, among other tiimgs, systems and controls. The entire disclosure of 
all these documents is herein incorporated by reference. 

In embodiments of the invention, the lightmg system may be used to illuminate an 
25 environment. On such environment 100 is shown in Fig. 1 . The enviroimient has at least one 
light system 102 mounted therein, and in a preferred embodiment may have multiple light 
systems 102 therein. The light system 102 may be a controllable light system 102, such as 
described above in connection with Fig. 2, with lights 208 that illuminate portions of the 
enviroiunent 100. 

30 GeneraUy the tight systeiris 102 can be mounted in a naanner that a viewCT 

environment 100 can see either the illumination projected by a light.system 102 directiy, or the 
viewer sees the illumination indirectly, such as after the illumination bounces off a surface, or 
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tim>u^ a lens, filter, c^lic, housing, screen, or similar element that is designed to reflect, 
difiiise, refiw^ difEract, or otherwise affect tiie illumination fix>m tiie light system 102. 

The light systems 102 in combination comprise a lighting or illumination system. The 
lighting system may be in commxmication with a control system or other user interfece 202, such 

5 as a computer, by any manner known to one of skill in the art which can include, but is not 

limited to: wired connections, cable connections, infirared (BR) connections, radio firequency (RF) 
connections, any other type of connection, or any combination of the above. 

Various control systems can be used to generate lighting control signals, as described 
below. In one embodiment, control may be passed to the lighting system via a video-to-DMX 

10 device, which provides a simple way of generating the lifting signal. Such a device may have a 
video-in port and a pass-through video-out port. The device may also have a lighting signal port 
where the DMX, or other protocol data, is conununicated to the lights in the room. The device 
may apply an algorithm to the received video signal (e.g. average, average of a given section or 
time pCTiod, max, min) and then generate a Ughting signal corresponding to the algorithm 

15 output. For example, the device may average the signal over the period of one second with a 
resultant value equal to blue light The device may then generate blue ligjit signals and 
communicate them to the lighting system. In an embodiment, a simple system would 
communicate the same averaged signal to all of flie lights in the room, hut a variant would be to 
communicate the average of a portion of the signal to one portion of the room. There are many 

20 ways of partitioning the video signal, and algorithms could be applied to the various sections of 
the light system, thus providing different inputs based on the same video signal. 

Referring still to Fig. 1, the enviroimient 100 may include a surfoce 107 that is lit by one 
or more lighting systems 102. In the depicted embodiment the surface 107 comprises a wall or 
other surface upon which light could be reflected, hi another embodiment, the surface could be 

25 designed to absorb and retransmit Ught, possibly at a different flequency. For instance the 
surface 107 could be a screen coated with a phosphor where illumination of a particular color 
could be projected on the screen and the screen could convert the color of the illumination and 
provide a different color of illumination to a viewer in the environment 100. For instance the 
projected illumination could primarily be in the blue, violet or ultraviolet range vMle the 

30 transmitted light is more of a white. In embodiments, the surfiice 1 07 may also include one or 
more colors, figures, lines, designs, figures, pictures, photographs, textures, shapes or other 
visual or graphical elements that can be illuminated by the lighting system. The elements on the 
surface can be created by textures, materials, coatings, painting, dyes, pigments, coverings. 
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&biics, or other methods or mechanisms for rraidering graphical or visual effects, lii 
embodiments, changing the illnmination ftom the Ughting systen may create visual effects. For 
example, a picture on the surface 107 may fede or disappear, or become more eppeaxxA or 
reappear, based on Ae color of the light from the Ughting system that is rendered on the surfece 
5 107. Thus, effects can be created on the surface 1 07 not only by shining Ught on a plain surface, 
but also through the interaction of light with the visual or graphical elements on the surface. 

In certain preferred embodiments, the light systems 102 are networked Ughting systems 
where fb& lighting control signals are packaged into packets of addressed information. The 
addressed information may then be communicated to the Ughting systems in the Ughting 
10 network. Each of the Ughting systems may then respond to the control signals that are addressed 
to the particular Ughting system. This is an extremely useful arrangement for generating and 
coordinating Ughting effects in across several Ughtmg systems. Embodiments of U.S. Patent 
AppUcation No. 09/616,214 "Systems and Methods for Authoring Lighting Sequences" describe 
systems and methods for geaierating system control signals and is hearby incorporated by 

IS reference herein. 

A Ughting system, or otiier system according to the principles of the present invention, 
may be associated with an addressable contiroUer. The addressable controUer may be arranged to 
"Usten" to network information until it "hears" its address. Once the systems address is 
identified, the system m^ read and respond to tiie information m a data packet that is assigned 

20 to the address. For exanq)le, a Ughting system may include an addressable controUer. The 

addressable controUer may also include an alterable address and a user may set tiie address of the 
system. The Ughting system may be connected to a network -wbste network information is 
communicated. The network may be used to communicate information to many controUed 
systems such as a pluiaUty of Ughting systems for example. In such an arrangement, each of the 

25 pluraUty of Ughting systems may be receiving information pertaining to more flian one Ughting 
system. The information may be in the form of a bit stream where information for a first 
addressed U^ting system is foUowed by information directed at a second addressed Ughting 
systmi. An example of such a Ughting system can be found in U.S. Patent No. 6,016,038, 
which is herby incorporated by reference herdn. 

30 Referring to Fig. 1 1, in one embodiment of a networked Ughting sjrstem according to the 

principles of the invention, a network transmitter 1 102 communicates network information to the 
Ught systems 102. In such an embodiment, the Ught systems 102 can include an input port 1 104 
and an export port 1 108. The network information may be communicated to the first Ught 
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system 1 02 and the first light system 1 02 may read the information that is addressed to it and 
pass the remaining portion of the information on to the next light system 1 02. A person with 
ordinary skill in the art would appreciate that thare are other network topologies that are 
encompassed by a system according to the principles of the present invention. 

5 In an embodiment, the light system 102 is placed in a r^ world enviroimient 100. The 

real world environment 100 could be a room. The lighting system could be arranged, for 
example, to light tiie walls, ceiling, floor or other sections or objects in a room, or particular 
sur&ces 107 of the room. The lighting system may include several addressable light systems 
102 with individual addresses. The illumination can be projected so as to be visible to a viewer 
«^ 10 in the room either directly or indirectly. That is a light 208 of a light system 102 could shine so 
that the light is projected to the viewer without reflection, or could be reflected, re&acted, 
absorbed and reemitted, or in any other numner indirectly presented to the viewer. 

An embodiment of the present invention describes a method for generating control 
signals as illustrated in the block diagram in Fig. 3. The method may involve providing or 

15 generating an image or representation of an image, i.e., a gr25)hical representation 302. The 

gmphical representation may be a static image such as a drawing, photograph, generated image, 
or image tiiat is or appears to be static. The static image may include images displayed on a- 
compute screen or other screen even though the image is continually being refieshed on the 
screen. The static im^e may also be a hard copy of an image. 

20 Providing a graphical representation 302 may also involve generating an image or 

representation of an image. For example, a processor may be used to execute software to 
generate the graphical representation 302. Again, the image that is generated may be or appear 
to be static or the image may be dynamic. An example of software used to generate a dynamic 
image is Flash 5 computer software offered by Macromedia, Incorporated. Flash 5 is a widely 

25 used computer program to generate graphics, images and aimnations. Other useful products 
used to generate images include, for example, Adobe Illustrator, Adobe Photoshop, and Adobe 
LiveMotion. There are ixiany other prograins that can be used to generate both static and 
dynamic images. For example, Microsoft Corporation makes a computer program Paint This 
softvsmre is used to generate linages on a screen in a bit niap format Other software programs 

30 may be used to generate images in bitmaps, vector coordinates, or other techniques. There are 
also many programs that render graphics in three dimensions or more. Direct X libraries, from 
Microsoft Corporation, for example generate images in three-dimensional space. The output of 
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any of Ihe foregoing software programs or similar programs can serve as Uie gr^hical 
representation 302. 

In embodiments the graphical representation 302 may be generated using software 
executed on a processor but the graphical representation 302 may never be displayed on a screen. 
In an embodiment, an algorithm may generate an image or representation therof, such as an 
explosion in a room for example. The explosion function may generate an image and this image 
may be used to generate control signals as described herein with or without actuaUy displaying 
the image on a screen. The image may be displayed through a lighting network for example 
wifhout ever being displayed on a screen. 

In an embodiment, generating or representing an image may be accomplished through a 
program that is executed on a processor. In an embodiment, the purpose of generating tiie image 
or representation of the image may be to provide information defined m a space. For example, 
the generation of an image may define how a Ughting effect travels tiurough a room. The Ughting 
efiEect may rc5)resent an explosion, for example. The representation may initiate bright white 
Ught in the comer of a room and the light may travel away firom this comer of the room at a 
velocity (with speed and direction) and the color of the Ught may change as the propagation of 
the effect continues. An iUustration of an envuronment 100 showing vectors 104 demonstrating 
the velocity of certain Ughting effects is iUushated in Fig. 1. In an embodiment, an image 
generator may generate a fimction or algorithm. The function or algorithm may represent an 
event such as an explosion, Ughting strike, headUghts, train passing through a room, buUet shot 
through a room, Ught movii^ throu^ a room, sunrise across a room, or other event The 
function or algorithm may represent an image such as Ughts swirUng in a room, balls of Ught 
botmdng in a room, sounds bouncing in a room, or other images. The function or algorithm 
may also represent randomly generated effects or other effects. 

Referring agam to Fig. 3, a Ught system configuration faciUty 304 may accompUsh 
further st^ for the methods and systems described herein. The Ught system configuration 
feciUty may generate a system configuration file, configuration data or other configuration 
information for a Ughting system, sudi as the one depicted in coimection with Fig. 1 . 

The Ught system configuration &dUty can r^aesent or correlate a ^rstem, such as a Ught 
system 102, sound system or other system as described herein with a position or positions in the 
environment 100. For example, an LED Ught system 102 may be correlated wilii a position 
within a room. In an embodiment, tiie location of a Ughted suifece 107 may also be determined 
for inclusion into the configuration file. The position of the Ughted surfece may also be 
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associated ivith a light system 102. In embodiments, Ihe lighted sui&ce 107 may be the defied 
parameter while the light system 102 that generates the light to illuminate the sur&ce is also 
important Lighting control signals may be commmiicated to a light system 102 when a surface 
is scheduled to be lit by the light system 1 02. For example, control signals may be 

5 communicated to a lighting system when a generated ims^e calls for a particular section of a 

room to change in hue, saturation or brightness. In this situation, the control signals may be used 
to control the lighting system such that the lighted surface 107 is illuminated at the proper time. 
The lighted sur&ce 107 may be located on a wall but the light system 102 designed to project 
Ught onto the sur&ce 107 may be located on the ceiling. The configuration information could be 
^ 10 arranged to initiate the light system 102 to activate or change when the surface 107 is to be lit 
Referring still to Fig. 3, the graphical representation 302 and the configuration 
information from the light system configuration &cility 304 can be delivered to a conversion 
module 308, which associates position information from the configuration facility with 
information from the graphical representation and converts the information into a control signal, 

15 such as a control signal for a light system 1 02. Then the conversion module can commimicate '4 
the control signal, such as to the light system 102. In embodiments the conversion module maps 
positions in the graphical representation to positions of light systems 1 02 in the environment, as 
stored in a configuration file for the enviroiunent (as described below). The noapping might be a 
one-to-one moping of pixels or groups of pixels in the gr^hical rq[>resentation to ligjit systems ? 

20 102 or groups of light systems 102 in the enviroiunent 100. It could be a mapping of pixels in ^ 
the graphical representation to surfaces 107, polygons, or objects in the environment that are lit 
by light systems 102. It could be a mapping of vector coordinate information, a wave function, 
or algorithm to positions of Ught systems 102. Many di£fer^t mapping relations can be 
envisioned and are encompassed herein. 

25 Referring to Fig. 4, another embodiment of a block diagram for a method and system for 

generating a control signal is depicted. A light management facility 402 is used to generate a 
map file 404 that m^qps light systems 102 to positions in an environment, to surfaces that are lit 
by the light systems, and the like. An animation &cility 408 generates a sequence of graphics 
files for an animation effect A convosidn module 412 relates the information in the map file 

30 404 for the light systems 102 to the graphical information in the graphics files. For example, 
color information in the graphics file may be used to convert to a color control signal for a light 
system to generate a similar color. Pixel information for the graphics file may be converted to 
address information for light systems which will correspond to the pixels in question. In 
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embodiments, the conversion module 412 includes a lookup table for converting particular 
gr^hics file information into particular lighting control signals, based on the content of a 
configuration file for the Ughting system and conversion algorithms appropriate for the 
animation fedUty in question. Hie converted information can be sent to a playback tool 414, 
which may in turn play the animation and deUver control signals 4 1 8 to Ught systems 1 02 m an 
enviromn^t* 

Referring to Fig. 5, an embodiment of a configuration file 500 is depicted, showing 
certain elements of configuration infonnationfliatcanbe Stored foraHghtsys^ 

system Thus, the configuration file 500 can store an identifier 502 for each Ught system 102. as 
wdl as the position 508 ofthat Ught system inadesired coordinate or mapping system for flie 

environment 100 (which may be (x,y.z) coordinates, polar coordmates, (x,y) coordinates, or the 
like) -me position 508 and other information may be time^ependent, so the configuration file 
500 can include an element of time 504. The configuration file 500 can also store information 
aboutflieposition510thatislitbythelightsysteml02. Hmtinfomiationcanconsistof asetof 
coordinates, or it may be an identified surfece. polygon, object, or other itemmtheen^^^ 
Tte configuration file 500 can also store infomiation about the available degrees of fireedom for 
use of the Ught system 102. such as available colors in a color range 512. available mt«nsities m 
an intensity range 5 14. or the Uke. The configuration file 500 can also include information about 
other systems in the enviromnent that are contxoUed by the control systems disclosed herem. 
informationaboutthecharacteristicsofsurfecesl07mtheenvironment.andthe^^ Thus,the 

configuration file 500 can map a set of Ught systems 102 to &e conditions that Ihey are c^ble 

of generating in an environment 1 00. 

In an embodiment, configuration information such as the configuration file 500 may be 
generated using a program executed on a processor. Referring to Fig. 6, the program may run on 
a computer 600 with a graphical user interface 612 where a representation of an enviromnent 
602 can be displayed, showmg Ught systems 102. Ut surfeces 1 07 or other elements in a 
graphicalformat Theinterfecemay include a representation 602 of a room for example. 
Representations of Ughts, Ughted surfeces or other systems may tha^be presented in the 
interfece612andlocationscanbeassignedtothesystem. In an embodiment, position 
coordinates orapositionmapmayrepresentasyst«m,suchasaUghtsyst«m. Aposrtionmap 
may also be genemted for the representation of a Ught«d surfece for exan«,le. Figure 6 illustrates 
a room with Ught systems 102. 
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The lepiesentation 602 can also be used to simplify geaeradon of e£fects. For example, a 
set of stored effects can be represented by icons 61 0 on the screen 612. An explosion icon can 
be selected with a cursor or mouse, which may prompt the user to click on a starting and ending 
point for the explosion in the coordinate system. By locating a vector in the representation, the 
S * user can cause an explosion to be initiated in the upper comer of the room 602 and a wave of 
light and or sound may propagate through the enviromnent With all of the light systeicns 1 02 in 
predeteraiined positions, as identified in the configuration file 500, the representation of the 
e3q)losion can be played in the room by the light system and or another system such as a sound 
system. 

10 In use, a control system such as used herein can be used to provide information to a user 

or programmer fiom the light systems 102 in response to or in coordination with the information 
being provided to the xiser of the computer 600. One example of how Has can be provided is in 
conjunction with the user generating a computer animation on the computer 600. The light 
system 102 may be used to create one or more light effects in response to displays 612 on the 

15 computer 600. The lighting effects, or illumination effects, can produce a vast variety of effects 
including color-changing effects; stroboscopic effects; flashing effects; coordinated lighting 
effects; lighting effects cooidinated with other media such as video or audio; color wash where 
the color chains in hue, saturation or intensity over a period of time; creating an ambient color; 
color fading; effects that simulate movement such as a color chasing rainbow, a flare streaking 

20 across a room, a sun rising, a plume fix)m an e^losion, other moving effects; and many oth^ 
effects. The eflBects that can be generated are nearly limitiess. Ligiht and color continually 
surroxmd the user, and controlling or changing the illumination or color in a ^ace can change 
emotions, create atmosphere, provide enhancement of a material or object, or create other 
pleasing and or useful effects. The user of the computer 600 can observe the effects while 

25 modifying them on the diq)lay 612^ thus enabliag a feedback loop that allows the user to 
convenientiy modify effects. 

Fig. 7 illustrates how the light from a given light system 1 02 may be displayed on a 
sur£ace. A ligjit system 102, sound system, or other system may project onto a surface. Intiie 
case of a light system 1 02, this may be an area 702 that is illuminated by the light system 1 02. 

30 The Ught system 102, or othCT system, may also move, so the area 107 may move as well. In the 
case of a sound system, this may be the area where the user desires the sound to emanate from. 

In an embodiment, the information generated to form the unage or representation may be 
communicated to a light system 102 or plurality of light systems 102. The information may be 
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3D efects fliat can be created is nalinnted. 

Inan embodiment, the image infcimationmay be comm^icatedftomacentral 

30 cotBoBer. TT»infonnation may be altered beibre a Bghting system responds to the inibrtn^^^ 
For example, the image infonnadonmay be dir«*dtoaposidon^apos«ion map. M 
4einformaaondirectedataposit,onmapmayb.collec.edpriortosenaingttainfon^ 
Ughting system. "Ms may be accompUshed every time the image is refieshed or every time thts 
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section of the image is refieshed or at other times. In an embodimCTt, an algorithm may be 
performed on information that is collected. The algorithm may average the information^ 
calculate and select the maximum information, calculate and select the minimum information, 
calculate and select the first quartile of the infomiation, calculate and select the third quartile of 

5 the information, calculate and select the most used information calculate and select the integral 
of the information or perform another calculation on the information. This step may be 
completed to level the effect oftheUghting system in response to infonnation For 
example, the information in one refresh cycle may chaise the information in the map several 
times and the effect may be viewed best when the projected light takes on one value in a given 

10 refresh cycle. 

In an embodiment, the information communicated to a lighting system may be altered 
before a lighting system responds to the information. The information format may change prior 
to the communication for example. The information may be communicated from a computer 
through a USB port or other communication port and the format of the information may be 

15 changed to a lighting protocol such as DMX when the information is communicated to the 

lighting system. In an embodiment, the information or control signals may be commimicated to 
a lighting system or other system through a communications port of a computer, portable 
computer, notebook computer, personal digital assistant or other system. The information or 
control signals may also be stored in memory, electronic or otherwise, to be retrieved at a later 

20 time. Systems such the iPlayer and SmartJack systems manufactured and sold by Color Kinetics 
Incorporated can be used to communicate and or store lighting control signals. 

In an embodiment, several systems may be associated with position maps and the several 
systems may a share position map or the systems may reside in independent position areas. For 
example, the position of a lighted surface from a first lighting system may intersect with a 

25 lighted surface from a second lifting system. The two systems may still respond to information 
communicated to the either of the lifting systems. In an embodiment, the interaction of two 
lifting systems may also be controlled. An algorithm, function or otiier technique may be used 
to change the lighting effects of one or more of the lighting systems in a interactive space. For 
example, if the interactive space is greater than half of the non-interactive space from a lighting 

30 system, the lighting system's hue, saturation or brightness may be modified to compensate the 
interactive area This may be used to adjust the overall appearance of the interactive area or an 
adjacent area for example. 
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Control signals generated using methods and or systems according to the prindples of the 
present invention can be used to produce a vast variety of effects. Imagine a fire or explosion 
effect that one wishes to have move across a wall or room. It starts at one end of the room as a 
white flash that quiddy moves out followed by a highbrighmess yellow wave whose intensity 
varies as it moves through the room. When genetadng a control signal accordmg to the 
principles of the present invention, a Ughtmg designs does not have t» be concerned with the 
Ughts mthe room and the timing and generation of each Ught system's Ughtmg effects. Rather 
the designer only needs to be concerned with the relative position or actual position of those 
Ughts in the room. The designer can lay out the Ughting in a room and then associate the Ughts 
m the room with graphical information, such as pixel information, as described above. The 
designer can program the fire or explosion effect on a computer, using Flash 5 for exan^le, and 
the information can be communicated to the Ught systems 102 in an environment The position 
of the Ughts m the environment may be considered as weU as the surfeces 107 or areas 702 that 
are going to be lit. 

Jn an embodiment, the Uniting effects could also be coupled to sound that will add to and 
reinforce the Ughting effects. An example is a -red alerf sequence where a ' whoop whoop' 
siren-Uke effect is coupled with the entire room pulsmg red in concert with the sound. One 
stimuhis reinforces the other. Sounds and mov«nent of an earthquake using low fi»quency 
sound and flickering Ughts is another example of coordmating these effects. Movement of Ught 
20 and soimd can be used to indicate direction. 

In an embodiment the Ughts are represented in a two-dimensional or plan view. This 
aUows representation of the Ughts in a plane where the Ughts can be associated with various 
pixels. Standard computer graphics techniques can tiien be used for effects. Animation 
tweening and evenstandardtoolsmaybe used tocreate Ughting effects. Macromedia Hash 
works with relatively low-resolution graphics for creating animations on tiie web. Flash uses 
simple vector gr^hics to easUy create animations. The vector representation is efficient for 
streammg appUcations such as on the World Wide Web for sending animations over the net. 
The same technology can be used to create ammations tiiat can be used to derive Ughting 
commands by map^ the pixel infonnation or vector information to vectors or pixels tiiat 
correspond to positions of Ught systems 102 withm a coordinate system for an envhxmment 100. 

For example, an animation wmdow of a computer 600 can represent a room or otiier 
environment of tiie Ughts. Pixels in fliat window can correspond to Ughts within the room or a 
low-resolution averaged image can be created from the higher resolution hnage. hi this way 
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lights in the room can be activated vjbssa a corresponding pixel or neighborhood of pixels turn 
on. Because LED-based lighting technology can create any color on demand using digital 
control information, see U.S. Patents 6,016,038, 6,150,774, and 6,166,496, the lights can 
&ith£ully recreate the colors in the original image. 
5 Some examples of effects that could be generated using systems and methods according 

to the principles of the invention include, but are not limited to, e}q>losions, colors, underwater 
effects, turbulence, color variation, fire, missiles, chases, rotation of a room, shape motion, 
tinkerbell-like shapes, lights moving in a room, and many others. Any of the effects can be 
specified with paramet^, such as firequencies, wavelengths, wave widths, peak-to-peak 
" 10 measurements, velocities, inertia, fiiction, speed, width, spin, vectors, and the like. Any of these 
can be coupled with other effects, such as sound. 

In computer graphics, anti-aliasing is a technique for removing staircase effects in 
imagery where edges are drawn and resolution is limited. This effect can be seen on television 
when a narrow striped pattem is shown. The edges appear to crawl like ants as the lines 

15 ^proach the horizontal. In a similar fashion, the lighting can be controlled in such a way as to 
provide a smoother transition during effect motion. The effect parameters such as wave width, 
amplitude, phase or frequency can be modified to provide better effects^ 

For example, referring to Fig. 8, a schematic diagram 800 has circles that represent a 
single ligfht 804 over time. For an effect to ^vorse* this light, it might simply have a step 

20 function that causes the light to pulse as the wave passes through the light However, without 
the notion of width, the effect might be indiscernible. The effect preferably has width. If ' 
however, the effect on the light was simply a step function that turned on for a period of time, 
then might appear to be a harsh transition, wdiich may be desirable in some cases but for effects 
that move over time (i.e. have some velocity associated with them) then this would not normally 

25 be the case. 

The wave 802 shown in Fig. 8 has a shape that corresponds to the change. In essence it 
is a visual convolution of the wave 802 as it propagates throu^ a space. So as a wave, such as 
fiom an eiq^losion, moves past points in space, those points rise in intensity from zero, and can 
even have associated changes in hue or saturation, vMch gives a much more realistic effect of 
30 the motion of the effect. At some point, as the number and density of lights increases, the room 
then becomes an extension of the screen and provides large sparse pixels. Even with a relatively 
small number of light systems 102 the effect eventually can serve as a display similar to a large 
screen display. 
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Effects can have associated motion and direction, i.e. a velocity. Even other physical 
parameters can be described to give physical parameters such as friction, inertia, and momentum. 
Even more than that, the effect can have a specific trajectory. In an embodiment, each Ught may 
have arepresentation that gives attributes of the Ught. This can take the form of 2D position, for 
5 example. A Hght system 102 can have all various degrees of freedom assigned (e.g., xyz-rpy), or 
any combination. 

The techniques listed here are not limited to Ughting. Control signals can be propogated 
through other devices based on thdr positions, such as special effects devices such as 
pyrotechnics, smell-generating devices, fog machines, bubble machines, moving mechanisms, 
10 acoustic devices, acoustic effects that move in space, or other systems. 

An embodiment of the present mvention is a method of automatically c^turing the 
position of the Ught systems 102 within an environment. An imaging device may be used as a 
means of capturing the position of the Ught A camera, connected to a computing device, can 
capture the image for analysis can calculation of the position of the Ught. Fig. 9 depicts a flow 
15 diagram 900 that depicts a series of steps that may be used to accompUsh this method. Fkst. at a 
step 902, the environment to be mapped may be darkened by reducing ambient Ught Next, at a 
step 904. control agnals can be sent to each Ught system 102, commanding the Ught system 102 
to turn on and off in turn. Simultaneously, the camera can c^ture an image during each "on" 
time at a step 906. Next, at a step 908. the image is analyzed to locate the position of the "on" 
20 Ught system 102. At a step 910 a centioid can be extracted. Because no other Ught is present 
when the particular Ught system 1 02 is on, there is Uttle issue with other artifects to filter and 
remove from the image. Next at a step 912, the centroid position of the U^t system 102 is 
stored and the system generates atable of Ught systems 102 and caitroid positions. This data 
can be used to populate a configuration file, such as that depicted in connection with Fig. 5. lii 
25 sum, each Ught system 102. in turn, is activated, and the centroid measurement determined. This 
is done for aU of the Ught systems 102. An image thus gives a position of the Ught system in a 
plane, such as witit (x,y) coordinates. 

Where a 3D position is desired a second unage may be captured to triangulate the 
positionoftheUghtinanothercoordinatedimension. This is the stereo problem. Inthesame 
3 0 way human eyes determine depth through the correspondence and disparity between the images 
provided by each eye,asecondsetofimagesmaybetaken to provide the correspondence. The 
camera is either dupUcated at a known position relative to the first camera or the first camera is 
moved a fixed distance and direction. This movement or difference in position estabUshes the 
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baseline for the two images and allows derivation of a third coordinate (e.g., (x,y,z)) for the light 
system 102. 

Another embodiment of the invention is depicted in Fig. 10, v^ch contains a flow 
diagram 1000 with steps for generating a control signal. First, at a step 1002 a user can access a 

S graphical user interfEice, such as the display 612 depicted in Fig. 6. Next, at a step 1003, the vser 
can generate an image on the display, such as using a graphics program or similar £Eicility. The 
image can be a representation of an environment, such as a room, wall, building, surface, object, 
or the like, in which light systems 102 are disposed. It is assumed in connection with Fig. 10 
that tiie configuration of the light systems 102 in the enviroimimt is known and stored, such as 

10 in a table or configuration file 500. Next, at a step 1004, a user can select an effect, such as fix>m 
a menu of effects. In an embodiment, the effect may be a color selected from a color palette. 
The color might be a color temperature of white. The effect might be another effect, such as 
described herein. In an embodiment, generating the image 1003 may be accomplished through a 
program executed on a processor. The image may then be displayed on a computer screen. 

IS Once a color is selected from the palette at the step 1004, a user may select a portion of the 
image at a step 1008. This may be accomplished by using a cursor on the screen in a graphical 
user inter&ce where tiie cursor is positioned over the desired portion of the image and then the 
portion is selected with a mouse. Following the selection of a portion of the image, the 
informatioii from that portion can be converted to lighting control signals at a step 1010. This 

20 may involve changing the format of the bit stream or converting the information into other 

information. The information that made the image may be segmented into several colors such as 
red, green, and blue. The information may also be commimicated to a lighting system in, for 
example, segmented red, green, and blue signals. The signal may also be communicated to tiie 
lighting system as a con^osite signal at a step 1012. This technique can be usefril for changing 

25 the color of a lighting system. For example, a color palette may be presented in a graphical user 
inter&ce and the palette may represent millions of different colors. A user may want to change 
the lighting in a room or other area to a deep blue. To accomplish her task, the user can select 
the color from the screen using a mouse and the lighting in the room changes to match the color 
of the portion of the screen she selected. Generally, the information on a computer screen is 

30 presented in small pixels of red, green and blue. LED systems, such as those found in U.S. 
Patent Nos. 6,016,038, 6,150,774 and 6,166,496, may include red, green and blue lighting 
elements as well. The conversion process from the information on the screen to control signals 
may be a format change such that the lighting system imderstands tiie commands. However, in 
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an embodiment, the infonnation or liie level of the separate Ughting elements may be Hie same as 
the information used to generate the pixel information. TMs provides for an accurate dupUcation 
of the pixel information in the lighting system. 

Using the techniques described herein, including techniques for determining positions of 
light systems in enviromnents. techniques for modeling effects in enviromnents (including time- 
and geometiy-based effects), and techniques for mapping tight system environments to vhtual 
enviromnerrts.it is possa^letomodelanunlimited range of effects in an unlimited rm^^ 
enviromnents. Effecte need not be Umitedtotiiose that canbe created onasquare or rectangular 
display. Instead, Ughtsystemscanbedisposedina^derangeoflines. strings. curves, 
, polygons, cones, cylinders, cubes, spheres, hemispheres, non-linear configurations, clouds, and 
arbitrary shapes and configurations, tixen modeled m a virtual enviromnent that captures tixenr 
positions in selected coordinate dimensions. Hius. tight systems can be disposed in or on the 
irrterior or exterior of any enviromnent, such as a room, bmlding, home, wall, object, product, 
retail store, vehicle, ship, airplane, pool, spa, hospital, operating room, or oflier location. 
5 m embodiments, the tight system may be associated vnth code for the computer 

appUcation. so tiiat ti«. computer appUcation code is modified or created to control tiie tight 
system. Forexample. object-oriented programmingtechniquescanbeusedtoattachattribu^ 
olg ects m tiie computer code, and the attributes can be used to govern behavior of tiie hght 
system. Objectorientedtechmquesareknownmtiiefield,andcanbefoundintextssuchas 
«, «IntroductiontoObject-OrientedProgramming«byTimo1hyBudd,theentiredisclosure^^ 
^chishereinincorporatedbyreference. It should be understood that otiierprogrammmg 
techniques may also be used to direct Ughting systems to illuminate in coordination vatii 
computer appUcations, object oriented programming being one of a variety of programmmg 
techniques that would be understood by one of ordinary skiU in tiie art to fecititate tiie methods 

25 and systems descaibed herein. 

M an embodiment, a developer can attach tiie tight system mputs to objects intiie 
computer ^Ucation. For example, the developer may have an abstraction of a tight system 1 02 
that is added to the code construction, or object, of an apptication object. An object may consist 
of various attributes, such as position, velocity, color, intensity, or otiier values. A developer can 
30 addUghtasaninstencemtiieobjectintiiecodeofacomputerapptication. For example, tiie 
object could be vector in an olject-oriented computer animation program or sotid modehng 
program, witiiattributes.suchasdirectionand velocity. A tight system 102 can be added as an 
mstance of tiie object of tiie computer apptication. and tiie tight system can have attiibutes, such 
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as intensitsr, color, and various effects. Thus, wbsn events occur in the computer application that 
call on the object of the vector, a thread running through the program can draw code to serve as 
an input to the processor of the light system. The light can accurately represent geometry, 
placement, spatial location, represent a value of the attribute or trait, or provide indication of 

S other elements or objects. 

Referring to Fig. 12, a flow chart 1200 provides steps for a method of providing for 
coordinated illumination. At the step 1202, the programmer codes an object for a computer 
application, using, for example, object-oriented programming techniques. At a step 1204, the 
programming creates instances for each of the objects in the application. At a step 1208, the 

10 programmer adds li^t as an instance to one or more objects of the application. At a step 1210, 
the programmer provides for a thread, running through the application code. At a step 1212, the 
programmer provides for the thread to draw lighting system i^put code from the objects that 
have Ught as an instance. At a step 1214, the input signal drawn from the thread at the step 1212 
is provided to the light system, so that the lighting system responds to code drawn from the 

IS computer applicatioiL 

Using such object-oriented light input to the light system 102 from code for a computer 
application, various lighting effects can be associated in the real world environment with the 
virtual world objects of a computer application. For example, in animation of an effect such as 
e^losion of a polygon, a light effect can be attached with the explosion of the polygon, such as 

20 sound, flashing, motion, vibration and other temporal effects. Further, the light system 1 02 
could include other effects devices including sound producing devices, motion producing 
devices, fog machines, rain machines or other devices ^sdiich could also produce indications 
related to that object 

Referring to Fig. 13, a flow diagram 1300 depicts steps for coordinated illumination 

25 between a representation on virtual environment of a computer screen and a light system 1 02 or 
set of light systems 102 in a real environment In embodiments, program code for control of the 
light system 102 has a separate thread nmning on the machine tiiat pro vides its control signals. 
At a step 1302 the program initiates the thread. At a step 1304 the thread as often as possible 
runs tibrough a list of virtual lights, namely, objects in the program code that represent lights in 

30 the virtual environment At a step 1 308 the thread does three-dimensional math to determine 
which real-world light systems 1 02 in the environment are in proximity to a reference point in 
the real world (e.g., a selected surfece 107) ttiat is projected as the refCTcnce point of the 
coordinate system of objects in the virtual environment of the computer representation. Thus, the 
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(0,0,0) position can be a location in a real environment and a point on the screen in the display of 
Ihe computer application (for instance tiie center of the display. At a step 1 3 1 0, the code m^s 
the virtual environment to the real world envkonment, including the light systems 102, so that 
events happening outside the computer screen are similar in relation to the reference point as are 

5 virtual objects and events to a reference point on the computer screen. 

At a step 1312, the host of the method may provide an interface for mapping. The 
mappmg function may be done with a function, e.g., '*project-all-lights," as described in 
Directlight API described below and in Appendix A, that maps real world lights using a simple 
user interface, such as drag and drop interface. The placement of ihe lights may not be as 

10 important as the surface the lights are directed towards. It may be this surface tiiat reflects the 
illumination or li^ts back to the environment and as a result it may be this surfece that is the 
most important for the mapping program. The mapping program may map these surfaces rather 
than the light system locations or it may also map both the locations of the light systems and the 
light on the surface. 

15 A system for providing the code for coordinated illumination may be any suitable 

computCT capable of allovwng programming, including a processor, an operating system, and 
memory, such as a database, for storing files for execution. 

Each real light 102 may have attributes that are stored in a configuration file. An 
example of a structure for a configuration file is depicted in Fig. 5. In embodiments, the 

20 configuration file may include various data, such as a light number, a position of each light, the 
position or direction of light output, flie gamma (brightness) of the li^t, an indicator number for 
one or more attributes, and various other attributes. By changing the coordinates in the 
configuration file, the real world lights can be mapped to the virtual world represented on the 
screen in a way that allows them to reflect what is happening in the virtual enviroimient. The 

25 developer can thus create time-based effects, such as an explosion. Thsre can then be a library 
of effects in the code that can be attached to various application attributes. Examples include 
e3q>losions, rainbows, color chases, fades in and out, etc. The developer attaches the effects to 
virtual objects in the application. For example, wh^ an e^losion is done, the light goes off in 
the display, reflecting the destruction of the object that is associated with the light in the 

30 configuration file. 

To simplify the configuration file, various techniques can be used. In embodiments, 
hemispherical cameras, sequenced in tum, can be used as a baseline with scaling factors to 
triangulate the lights and automatically generate a configuration file without ever having to 
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measure where the lights are. In embodunents, the configuration file can be typed in, or can be 
put into a graphical user interface that can be used to drag and drop light sources onto a 
representation of an environment The developer can create a configuration file that matches the 
fixtures with true placement in a real environment. For example, once the Ughting elements are 
5 dragged and dropped in the environment, tiie program can associate the virtual lights in the 
program with the real lights in the environment An example of a ligiht authoring program to aid 
in the configuration of lighting is included in U.S. Patent Application No. 09/616,214 "Systems 
and Methods for Authoring Lighting Sequences." Color Kinetics Inc. also offers a suitable 
authoring and configuration program called "ColorPlay." 

10 Further details as to the implementation of the code can be found in the Directlight API 

document attached hereto as Appendix A. Directlight API is a programmer's interface that 
allows a progranuner to incorporate lighting effects into a program. Directlight API is attached 
in Appendix A and the disclosure incorporated by reference herein. Object oriented 
programming is just one example of a programming technique used to incorporate lighting 

IS effects. Ligjhting effects could be incorporated into any programming language or method of 
programming. In object oriented programming, the programmer is often simulating a 3D space. 

In the above examples, Ughts were used to indicate tiie position of objects which pr^ 
the ejected light or have light attached to them. There are many other ways in v^ch light can 
be used. The lights in the light system can be used for a variety of purposes, such as to indicate 

20 events in a computer application (such as a game), or to indicate levels or attributes of objects. 

Simulation types of computer applications are often 3D rendered and have objects with 
attributes as well as events. A progranuner can code events into the application for a simulation, 
such as a simulation of a real world environmCTit A programmer can also code attributes or 
objects in the simulation. Thus, a program can track events and attributes, such £is explosions, 

25 bullets, prices, product features, health, other people, patterns of light, and the like. The code 
can then map from the virtual world to the real world. In embodiments, at an optional step, the 
system can add to the virtual world with real world data, such as from sensors or input devices. 
Then the system can control real and virtual world objects in coordination with each other. Also, 
by iising the light system as an indicator, it is possible to give information through the light 

30 system that aids a person in the real world enviroiunent. 

Architectural visualization, mechanical engineering models, and other solid modeling 
environments are encompassed herein as embodiments. In tiiese virtual environments lighting is 
often relevant both in a virtual environment and in a solid model real world visualization 
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environment. The user can thus position and control a light system 102 the illuminates a real 
world sold model to illuminate the real world solid model in correspondence to illumination 
conditions that are created in the virtual world modeling environment Scale physical models in 
a room of lights can be modeled for lighting during the course of a day or year or during 

5 different seasons for example, possibly to detect previously unknown interaction with the light 
and various building surfeces. Another exanq>le would be to construct a replica of a city or 
portion of a city in a room with a lighting system such as those discussed above. The model 
could then be analy2Bd for color changes over a period of time, shadowing, or otiier limiting 
effects. In an embodiment, this technique could be used for landscape design. In an 

10 embodiment, the lighting system is used to model the interior space of a room, building, or other 
piece of architecture. For example, an interior designer may want to project the colors of the 
room, or febric or objects m the room with colors representing various times of the day, year, or 
season- In an embodunent, a Ughting system is used in a store near a paint section to allow for 
simulation of lighting conditions on paint chips for visualization of paint colors under various 

15 conditions. These types of real world modeling appUcations can enable detection of potential 
design flaws, such as reflective buildings reflecting sunUght in the eyes of drivers during certam 
times of the year. FurttiCT, the fliree-dimensional visualization may allow for more r^d 
recognition of the aesthetics of the design by human beings, than by more complex computer 
modeling. 

20 Solid modeling programs can have virtual lights. One can light a model in the virtual 

environment while simultaneously Ughting a real world model the same way. For example, one 
can model environmental conditions of tiie model and recreate them in tiie real worid modeling 
environment outside the vktual eaivironment. For example, one can model a house or other 
building and show how it would appear in any daylight environment. A hobbyist could also 
25 model li^tibtig for a model train set (for instance based on pictures of an actual train) and 
translate that lighting into flie illummation for tiie room wherein the model train exists. 
Thra^ore the model train may not only be a physical representation of an actual train, but may 
even appeat as tiiat tiain speared at a particular time. A civil engineering project could also be 
assembled as a model and then a Ughting system according to the principles of tiie invention 
30 could be used to simulate the lifting conditions over the period of the day. This simulation 
covHd be used to generate Ughting conditions, shadows, color effects or other effects. This 
technique could also be used in Fihn/Theatrical modeUng or could be used to generate special 
effects in filmmaldng Such a system covHd also be used by a homeowner, for instance by 



26 



BNSOOOD: .iWO____02101702MUA> 



wo 02/101702 PCT/US02/19000 
selecting what ihey want their dwelling to look like &om the outside and having lights be 
selected to produce that look. This is a possibility for safety when the owner is away. 
Alternatively, the system could work in reverse where the owner turns on the lights in their 
house and a computer provides the appearance of the house from various different directions and 
5 distances. 

Although ihe above examples discuss modeling for architecture, one of skill in fhe art 
would understand that any device, object, or structure where the effect of light on that device, 
object, or structure can be treated similarly. 

Medical or other job simulation cotild also be performed. A lighting system according to 

10 tiie principles of the present invention may be used to simulate the lighting conditions during a 
medical procedure. This may involve creating an operating room setting or other environment 
such as an auto accident at night, with specific lightiug conditions. For example, the lifting on 
highways is generally high-pressure sodium lamps which produce nearly monochromatic yellow 
light and as a result objects and fluids may appear to be a non-normal color. Parking lots 

15 generally use metal halide lighting systems and produce a broad spectrum light that has spectral 
g^s. Any of these enviromnents could be simulated using a system according to the principles 
of the invention. These simulators could be used to train emergency personnel how to react in 
situations lit in different ways. They could also be used to simulate conditions under which any 
job would need to be performed. For instance, the light that will be e^erienced by an astronaut 

20 repairing an orbiting satelUte can be simulated on earth in a simulation chamber. 

Lights can also be used to simulate travel in otiierwise inaccessible areas such as tiie light 
that would be received traveling through space or viewing astronomical phenomena, or lights 
could be used as a three dimensional projection of an otherwise unviewable object For instance, 
a lighting system attached to a computing device could provide a three dimensional view from 

25 the inside of a molecular model. Temporal Function or other mathematical concepts could also 
be visualized. 

Another aspect of the present invention is methods and systems for generating lighting 
effects through the use of wireless communications. Various embodiments provide a plurality of 
light systems adapted to receive wireless communications and to generate lighting effects in 
30 response to Ihe communications. Inanembodiment,thepluralityof light systems may be 

arranged in an environment and coordinated light effects may be generated witiiin the plurality 
of light systems. For example, the light systems may be arranged in an audience and wireless 
communication signals may be sent to the light systems. The light systems may respond by 
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generating certain Ughting effects. With a system according to the principles of the present 
invention, coordinated Ughting effects may be generated in a stadium. In an embodiment, the 
stadium may be a footbaU stadium, Olympic stadium, soccer stadium, baseball stadium, track 
and field stadium, indoor stadium, and outdoor stadium. The effects may appear as a static or 
5 dynamic image for exanq>le. Inanembodiment,theimagesproducedmay ^peartobe an 
Olympic ring pattern, a logo, a team logo, a trademark, a team trademark, an advertisement or 
other image. In another embodiment, the Ught systems may be arranged along a parade route or 
in an amusement park or oflier environment. Hie lighting effects m^ be generated for display 
advertisement, information or for many other reasons. For example, a user may have a mobile 
10 Ught system in an amusement park and Ae Ught system may turn colors under certain conditions, 
such as, when m the presence of a character of the park or to indicate it is the users turn on a 
ride. There are many such examples of useful ways of using systems according to the principles 
of the present invention and these examples are provided as purely iUustrative. An embodiment 
of tiie present invention is amethod and system for controUing a pluraUty of Ught systems. The 
15 pluraUty of Ught systems may be assembled in an environment For example, a pluraUty of Ught 
systems m^ be arranged to form an array of Ught systems and a wireless transmitter may 
communicate UghtingcontrolsignalstoeachoftheUghtsystemsinthepluraUty. Asanother 

example, the pluraUty of Ught systems may be arranged in a crowd of people and atransmitter 
may communicate Ughting conteol signals to each ofAeUg^it systems in Hie crowd. Thismaybe 

20 used to generate a Ughting effect m the crowd. 

Another aspect of the present invention is methods and systems for generating U^ting 
effects. Various embodiments provide li^t systems that may initiate or execute a Ughting effect 
at a particular time. In an embodhnent, a pluraUty of such Ught systems may be arranged in an 

25 environment, such as an audience, and the pluraUty of Ught systems may be adapted to execute a 
U^tmg effect at a given time. A method such as this may be used to generate coordinated 
effects intheaudienceforexample. If the Ught systems are properly arranged in an audience and 
programmed to generate a particular show at a particular time, the overaU effect fix>m the 
pluraUty may be a coordinated effect, image or the Uke. Tbe image may ^pear static or dynamic 

30 and may generate flowing colors or images that may be mterpreted. The programming of the 
timing of the Ughting effect may be done during the manufecturer of the Ught system or at some 
time tiiereafter. 
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Another aspect of the present invCTlion is methods and systems for communicating ^th 
a light sj^m. Various embodiments provide mobile light systems and systems and methods for 
coimnunicating with them and generating lighting effects. In an embodiment, the light systems 
may be used in a game similar to *tag'* where a transmitter is used to communicate with the light 
5 system and the light system changes the effect it produces in response to the transmitted signal. 
For example, to users may have light systems according to the principles of the present 
invention, at least one includii^ a transmitter. The one with the transmitter may be trying to find 
and *^tag" the other one. When the oth^ one is id^tified, the transmitter may be used to 
communicate a signal and cause the light effect in the others light system to energize or 

10 otherwise change; In embodimrats, the communication may be used to change the priority of 
the lighting effect in the recipiCTts Ught system. For example, the recipient may receive a signal 
to generate a lighting effect and also program the lighting effect as the highest, or other, priority 
such that when the light system is tumed on, or otherwise used, the first Ughting effect is the new 
high priority lighting effect This may be a useful method for transferring effects fi*om one light 

15 system to anoth^ light system. 

An embodiment of the present invention may be a metiiod for communicating control 
signals to light systems. The method may involve the steps of providing a lighting system, 
\^erein the lighting system includes a wireless receiver, and transmitting control signals to the 
lighting system through the wireless receiver. Transmitting the control signals may involve 

20 transmitting directional or omni-directional wireless control signals. In an embodiment, a 
plurality of such light systems may be provided and a directional control signal may be 
communicated to a portion of the plurality of Ught systems to produce an effect, pattern, image 
or other Ught pattern. The Ught systems that receive the directional control signal may be 
instructed, through the control signal, to execute certain Ughting programs or activate or 

25 deactivate the Ught sj^em. In an embodiment, an omni-directional control signal may be 
communicated to a pluraUty of Ught systems. This control signal may be used to reset the 
pluraUQr of Ught systems, initiate a Ughting program, activate, deactivate, or generate some other 
effect in the Ught sj^stem. 

Figure 14 illustrates a mobUe Ughting system 1400 according to the principles of the 

30 present invention. The mobile Ughting system 1400 may include a Ught system ISOO for 

example. Transmitter 1408 may be used to transmit wireless control signals 1410 in a particular 
direction (e.g. unidirectional), in a range of directions or^ in all directions (e.g. omni-directional). 
The control signals 1410 may be any wireless transmission such as radio fi:equency, infirared. 
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microwave, electromagnetic, acoustic or other wireless trsmsmission. Hie light systmi 1400 
may include a receiver 1404 for receiving the control signals from the transmitter 1408. Figure 2 
illustrates a lighting system 1500 that may reside within the light system 1400 according to the 
principles of the present invention. The system may include a processor 1504 for communicating 
5 LED control signals to one or more LEDs 1 508, In an embodiment, a plurality of different 

colored LEDs 1508Rred, 1508G green, and 1508B blue LEDs may be included. The processor 
1504 may control the LEDs 1508R, 1508G, and 1508B independently* The system may also 
include a memory 1502 wherein LED control signals or other lighting programs axe stored. 
While this particular light system has been described, the present invention should not be limited 
10 to such a light system as one skilled in the art would ^preciate other light systems that could be 
used. While figure 2 illustrates the processor 1504 as being a microprocessor, another 
embodiment may include a li^t system without a microprocessor. One skilled in the art would 
appreciate there are many circuit designs that may be adapted to accomplish the functions as 
described herein. 

15 Figure 16 illustrates a system according to the principles of the present invention. Figure 

16 illustrates stadium stands 1604 where a pluralitsr people may be sitting for an event Many of 
the people in the stands 1604 may have a light sj^ems 1400. Li an embodiment, a transmitter 
1410 may communicate a control signals 1602 to the light system 1400 such that a pattern 1608 
appears in the audience. Although figure 16 illustrates the pattem 1608 as a smiley fiEu^, it 

20 should be und^ood that there are many patterns and effects that could be generated by a 
system according to the principles of the present invention. For example, a directional control 
signal 1602 could be moved through the audience to produce colored stripes or a color wave 
with dynamic lighting effects. Li an embodiment, the light systems 1400 may be activated while 
the light system 1400 is receiving the control signal 1602 and deactivate tiie light system when 

25 the signal is no longer received. The light system 1400 may also continue to display a lighting 
effect for a period and slowly fade with time or provide another effect Some amount of 
persistence or delay may be used to allow smooth refresdung or to provide blending of effects for 
example. In another embodiment, tiie control signal 1602 may initiate a lighting program that 
plays for a period of time or continues to play imtil another signal is received. In an embodiment, 

30 the control signals 1 602 may be sent in a pattem or representative of an image. The control 
signals 1602 may also be communicated in a fashion that generates a moving image. In an 
embodiment, the image may represent a video projection image such that a video could be 
played through the plurality of light systems in the audience. 

30 
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In an embodiment, a transmitter 1408 may communicate control signals 1602 to the 
entire audience in a concert This signal maybe used to reset all of the receiving light systems to 
a predetermined mode or lighting program for example. In an embodiment, an onmi-directional 
transmission may be used to accomplish this effect This effect may be used to generate lighting 
5 effects through out the audience or cause all of the light systems to deactivate for example. A 
plurality of light systems may receive the resetting signal and this signal may cause the 
individual light systems in the plurality of light sj^ems to generate lifting effects randomly. 
For example, each light system may be include memory 1S02 where a plurality of lighting 
programs are stored and the processor 1504 may randonody, or otherwise, recall one of the 

10 plurality of lighting programs from memory upon receipt of the control signal 1 602. This may 
cause many effects to be generated in the audience. 

In an embodiment, the light system 1400 may be provided Avith stored programs (e.g. 
color changing control signals with respect to time) or static states (e.g. blue, red, purple control 
signals in a table). A plurality of light systems 1400 may be provided where each light system 

15 1400 may be arranged to receive wireless transmissions or be arranged to begin execution of a 
program or state upon some other activation signal. In an embodiment, each of the plurality of 
light systems 1400 may be arranged to interpret received signals in a different way. For example, 
the light systems may be arranged in a stadium 1604 in a particular order such that ixpon 
activation the light systems generate a pattem 1608. Some of the light systems 1400 may display 

20 blue and others yellow such that a pattem of rings appears in the audience for example. To 

simplify manufacturing of such light systems 1400, they may aU be constructed identically and 
be programmed, through an IR port, for example, at the time they are handed to the people in the 
audience or placed at the seats. This technique woidd be useful in generating audience effects 
similar to the imaging and graphics that are displayed using place cards held overhead during 

25 large events like the Olympics or World Cup. One of the advantages of using a system according 
to the principles of the present invention is the dynamic effect that can be generated. Such a 
system could be used for generating pleasing effects such as scrolling logos, display of 
preprogrammed images, or other effects. Each light system held by a person becomes a 'pixel' 
that forms the element of an image. 

30 In an embodiment, the light system 1400 may be energized, or specific effects, programs 

or the like may be initiated through the use of an internal timer. Each light system in a plmality 
may include a real time clock. The clock may be set at the factory when the device is 
manufactured and the clock may track time. At a given time (e.g. August 13,2004 during 
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opening ceremonies at the Olympics in Greece) the light systems may be set to activate and / or 
run a program or generate an effect as described herein. In an embodiment, a light system with a 
real time clock allows many light systems to be synchronized to a common time base (e.g. GMT) 
so that if the timing of an event is carefully scheduled all of the light systems become 
5 coordinated with the ev«its. In combination and specific placement (e.g. section of a stadium) 
the light systems can be used to generate coordinated color ch anging effects, graphics, images 
and other coordinated effects. 

A light system 1400 may also be integrated into the seating or the field of a stadium or 
other area. In an embodiment, the light systems 1400 may be integrated into the seating and the 
10 light systems may be wired to a remote control device to enable wired remote controlling of the 
light systems 1400. 

In an embodiment a combination of methods, as described herein, may used to initiate 
audience lighting effects. For example, the time activation method could be used to initiate play 
in all of the light systems 1400 and also activate the IR receiver. The entire stadium cotdd color 

1 5 wash fix>m one color to the next and then turn a static color. Then a directional IR transmission 
may be used to change the lighting effects in a section of the stadium. The IR transmission may 
use a raster or other scan pattern flie light systems 1400 could respond like a display. .The light 
systems 1400 could include a short program (e.g. color wash) and a table wilii the video colors. 
This could also be used to limit the number of IR receivers needed in a given installation. This 

20 woxdd also make the IR transmitter easier to deploy because it could be located on a light pole or 
another pole and it would not have to rotate. You could also have transmitters mounted on poles 
or other structures on both sides of the stadium to generate lighting effects in different sections 
of the audience. 

In an embodiment, a light system 1400 may have background / foreground capabilities. 

25 In this mode, the light system may start in a static color or be executing a dynamic light show, 
for example, as its background mode. In an embodiment, the background mode may be switched 
to another mode, foreground mode, in response to external signals. This may be a useful 
technique for changmg the colors of a plurality of light systems in an audience. All of the light 
systems may be displaying a color or patt^ running in background mode, and thra some or all 

30 of the light systems could be changed to a second mode, foreground mode, by communicating 
with tiie desired light systems. In an embodiment, the light system may change modes, run a 
different program or select new LED control signals to play upon receipt of an extemal signal 
and then revert back to the background program when the extemal signal is removed or 
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de-enefgized In an embodiment, fhc light system may also have some persistence to allow the 
li^t system to remain in the foreground or background mode for a period of time upon 
deactivation or activation of the external signal. 

There are many efiects that may be generated in a plurality of light systems according to 
5 the principles of the present invention. For example, many light systems 1400 may be arranged 
in an audience at a stadium or event and the light systems 1400 may produce color changing 
lighting effects. Some examples of color effects may be a Color Wave (e.g. a wave of color can 
move aroimd a stadium or theatre, clock wise, counter clock wise, up and down the audimce), a 
Color Wash (e.g. the entire stadium can change color simultaneously), Sound Synchronization 
10 (e.g. saturation, intensity or hue can all change in synch with musical or audio input or based on 
event timing during the ceremonies). Icons (e.g. geometries associated with icons or simple 
patterns can be displayed. This could include Olympic rings, advertising, alphammi^cs and the 
like) or other patterns or effects. 

Figure 17 illustrates a stadium lighting effects system according to the principles of the 
15 present inventiorL The transmitter 1408 in this embodiment is a light tower or light house. As 
depicted in the figure, the lighthouse may transmit lighting control signals to die light systems 
1400 in the audience using directional conununication signals 1602. The lighthouse may rotate 
the transmission of the conmnmication signals 1602 throughout die entire audience or through a 
section of the audience. In an embodiment, the beam of communication signals 1602 may be 
20 broken vp into more than one communication signal. For example, the beam 1602 may be 

broken up into segments 1602 A, 1602B, and 1602C. These segments may differ in there content 
to provide various effects in the audience. For example, this technique could be used to produce 
stripes or other segmented effects. While figure 14 illustrates thfe communication signal is 
directional, it should be understood that the communication signals may be sent in many 
25 directions. For example, a spherical or cylindrical transmitter may be used to generate 

communication signals in all directions. In an embodiment, the signals may be segmented to 
provide both horizontal and vertical segmentation of die signals. This could be used to provide 
**pixer' control of the plurality of ligjit systems 1400. 

In an embodiment, a transmitter 1408 may transmit control signals to individual light 
30 syst^ns 1400 or groups of light sj^ems 1400. The transmitter 1408 may be scanning, non- 
scanning, narrow beam, isotropic or otherwise arranged to communicate the control signals. The 
control signals may be used to initiate a program in a light system 1400 or the control signals 
may be used to directiy control light effect. For example, the control signal may include 
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information that the light system 1400 interprets to produce a particular color (e.g. it receives 
information, the light system 1400 uses a look-up table to determine the desired color, and then 
changes to the color, or it receives data that is used to program registers or the like to set the 
values of fhe lifting el^eiit(s)). 

5 Figure 1 8 illustrates a lighting efifect generated in a crowd according to the principles of 

the present invention. The crowd may be assembled in the stands of a stadium 1604 and the 
lightii^ effect may vary throughout the crowd. For example, the illustration of figure 1 8 shows 
the Ught systems 1400 m the area of section 1702 may be a first color, such as blue; while the 
color of section 1703 may be green and the section 1704 may be red. While the delineations 

10 between the colors are depicted as sharp lines, it should be imderstood that this is for illustiation 
purposes only as the area betweaa two colors may be blended or otherwise controlled. In an 
embodiment, the lightmg effects may appear to move tiirough the stadium. For example, the 
sections 1702, 1703, and 1704 may gradually move to the right generating a chasmg rainbow 
thiougihtiie crowd. 

15 A transmitter accoidii^ to the princ^les of the present invention may take many forms. 

In an eanbodhnent, the transmitter may be a broadcasting device that transmits mformation to the 
light ^strans 1400. It can be scanning or n<m-scanmng, narrow beam, isotropic, or otiier 
configuration. For example, it may be a bright cylmdrical, ahnost hemispheric, IR Hght source 
with isotropic transmission properties. In anotiier embodiment it may be a rotating housmg with 

20 a vertically oriented narrow beam ihat continuously scans the stadium. This design can give 
horizontal resolution limited only by the motion of the device. This design may include a slip 
ring to pass mformation fmm the drive signal to the IR sources. In another embodiment, the sUp 
ring maybe avoided if the communication is done optically. Motion control may be used to 
move flie transmission beam. In an embodiment, a fiame pulse would be useful to align image 

25 with stadium. The system could include an integral compass to give heading so angular position 
placement is ummportant The transmitter may be a hemispherical imager in an embodiment 
This may be used to generate many pixels out of the li^t systems 1400. This may joovide a 
'radar-like' sweep. 

A light system 1400 according to the principles of the present invention may receive data 
30 from a tiansmitter in a predetermmed format For example, the data may have a zero byte and 
then a non-zero value triplet of RGB values, perh^s just four bytes worth. la an ranbodiment, 
the number of available colors may be three color times eight bits for each color or 1 6.7 million 
colors. In another embodiment, the number of available colors may be reduced to increase die 
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data rate. This is just an example of data coding schemes and one skilled in the art would know 
of many variations that are encompassed by the present invention. 

In an embodiment, mapping techniques, as described herein, may be used to generate a 
map of the environment where the light systems 1400 are placed and this map may be used when 
5 gmerating the desired effects to be transmitted. 

hi an embbdimrat, a system according to the principles of the present invention may be 
used to play a game or run a contest. For example, as indicated above, a plurality of people may 
eadbi have a light system and each of the plurality of light systems may include memory 1S02 
wherein a plurality of lighting control programs are stored. An omni directional signal 1602 
1 10 could be communicated such that at least a portion, if not all, of the light systems receive the 
signal. Each of the light systems may initiate a particular lighting program from memory 1 502 
upon receipt of the control signal 1602. The selection of the lighting program may be 
accomplished randomly for example. Following the receipt of the control signal 1602 and the 
playback of the lighting program, each light system may display a particular color, lighting 

15 effect, or it may also be deactivated. The game or contest winner may, for example, be holding 
the light system that is flashing red, white and blue or the winner may simply be holding a lig^t 
system that is activated. In an embodiment, lighting programs may also be loaded into the 
memory 1502 of the device through the communication port 1404. This method of loading the 
programs may be used to load a plurality of effects for a contest or other reason. 

20 In an embodiment, a light system 1400 may include a transmitter 1510. The transmitter 

may be directional to provide a user of the device to transmit control signals 1602 to another 
li^t system 1400. This may be useful for "zapping" someone else a color or lighting effect, 
provide a game of "tagging" another user or for any other purposes. The zapping or tagging may 
take place when a user directs the control signals 1602 towards anoth^ users light system 

25 causing the other light system to respond. A system according to the present invention may also 
provide a "light bomb" where a transmitter 1510 is used to generate oinni-directional signals 
1602 and all of the light systems in the area respond. This may be useful in a game of tag where 
the person v/bo is it goes around tagging others by using a directional signal and then throws a 
Ught bomb into an area by using onini-directional signds or sigiial. In another i^^ 

30 embodiment, a system may be arranged to allow the zapping of a users fsivorite color or lighting 
show. For example, a first user may generate a pleasing effect and want to transfer the effect to a 
friend. In an embodiment, the effect could be transferred from one device to another device by 
activating a user interface 1402. The activation may initiate communication between the two 
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devices such that the efifect is transferred- The second device may include a blocking feature 
such that incoming signals are not accepted such that the user of the second device may elect not 
to receive such signals. 

S Appendix A 

Direct Li^t API - A Programming Interfece for Controlling Color Kinetics Full Spectrum Lighting 
Important Stuff You Should Read First. 

1) The sample program and Real Light Setup wont run until you register the DirectLightdll COM object with 
Windows on your computer. Two small programs cleverly named "Register DirectLightexe" and "Unregister 

10 DirectLightexe" have been included with this install. 

2) DirectLight assumes that you have a SmartJack hooked up to COMl . You can change this assun5)tion by editing 
Ae DMXJNTERFACE^NUM value in the ffle "myjigjits Jl" 

About DirectL^^ 
15 Organization. 

An application (for example, a 3D rendered game) can create virtual lights within its 3D world. DirectLight can map 
these li^ts onto real-world Color Kinetics fiiU spectrum digital Ughts with color and brigihtness settings 
corresponding to Ae location and color of the virtual li^ts withm the game. 

20 

In DirectLights three general types of virtual lights exist: 

Dynamic Ught The most common form of vhtual li^t has a position and a color value. This li^ can 
be moved and it's color changed as often as necessary. Dynamic lights could represent glowmg 
25 space nebulae, rocket flares, a yellow spotlight flymg past a corporate logo, or tiie bri^t red eyes 

of a ravenous mutant ice-weaseL 
Ambient li^t is stationary and has only color value. The sun, an overhead room light, or a general 
color wash are examples of ambient Although you can have as many dynamic and indicator lights 
as you want, you can only have one ambient light source (which amounts to an ambient color 
30 value). 

Indicator Ughts can only be assigned to specific real-world Ughts. While ^mamic Ughts can change 
position and henceforth will affect different real-world Ughts, and ambient U^ are a constant 
color v*idi can efifect any or all real-world Ugjits, indicator U^ts wiU alwiys only effect a smgle 
real-world li^t Indicators are intended to give feedback to the usar separate firom Ughting, e.g. 
35 shield status, threat location, etc. 

AU these Ughts aUow their color to be changed as often as necessary. 
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In general, the user will set up tiie real-world liglits. The "my_lig|its Ji** configaration file is created in, and can be 
edited by, tfie **DhectLight GUI Setiq)** program. The API loads the settings fixim the '*my_lights Ji" file, \i4iich 
contains all information on where tibe real-world lights are, what type I3iey are, and whidi sort of virtual lights 
(^oiamic, ambient, indicator, or some combmation) are going to affect them. 

Virtual lights can be created and static, or created at run time dynamically. DirectLights runs in it's own thread; 
constantly poking new values into the lights to make sure they don't fall asleep. After updating your virtual lights 
you send them to the real-world lights with a single function call. DirectLights handles all the moping fi'om virtual 
world to real world 

If your application already uses 3D light sources, implementing DirectLight can be very easy, as your light sources 
can be mapped 1 : 1 onto the Virtual_Light class. 

A typical setup for action games has one overiiead light set to primarily ambient, lights to fbo back, side and around 
15 the monitor set primarily to dynamic, and perhaps some small lights near the screen set to indicators. 



10 



The ambient light creates a mood and atmosphere. The dynamic lights around tiie player give feedback on diings 
hs^pening around him: weapons, environment objects, explosions, etc. The indicator ligjhts give instant fieedback on 
game parameters: shield level, danger, detection, etc. 

20 

Effects ( LightingFX ) can be attached to lights which override or enhance the dynamic lighting. In Star Trek: 
Armada, for example, hitting Red Alert causes every light in the room to pulse red, replacing temporarily any other 
color information the ligfhts have. 

25 Other effects can augment £3q)losion effects, for ^cample, can be attadied to a single virtual light and will play out 
over time, s o rath^ than have to continuously tweak values to make the fireball fiide, vhrtual lights can be created, an 
effect attadied and started, and the light can be left alone until tiie effect is done. 

Real lights have a coordinate system based on the room tiiey are installed in. Using a person sitting at a conqiuter 
30 monitor as a reference, their head should be considered the origin. X increases to their right Y increases towards the 
ceilixig. Z increases towards die monitor. 

Virtual lights are free to use any coordinate system at all. There are several different modes to map virtual lights 
onto real lights. Having the virtual light coordinate system axis-aligned with the real light coordinate system can 
35 ' make your life much easier. 

Li^ positions can take on any real values. The DirectLight GUI setxxp program restricts, the Ughts to within 1 meter 
of tiie center of the room, but you can change the values by hand to your hearths content if you like. Read about tihie 
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Projection l^pes first, though. Some modes lequhe that Ihe real world and virtual world coordinate systems have 
the same scale. 

Getting Started 

Installmg DirectLi^ SDK. 

Rmming the Setiq).exe file will install: 

10 In /Windows/System/ three dll files, one for DirectLight, two for low-level communications with the real-world 
lights via DMK. 

DiiectLight.dil 
DMXIO.dU 
15 DLPORTICdll 

In flie folder you mstaUed DirectLight m: Visual C++ project files, source code and header files: 

DirectLightdsp 
20 DirectUg^dsw 
etc. 

DirectLighth 
DirectLightcpp 
25 RealJLightii 
Real_Lightcpp 
ViitualJLi^Ji 
VntualJJghtcpp 
etc. 



30 
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ccmq>ile time libraries: 
FX_Libraiy.lib 
DirectLightlib 
DMXI0.1ib 

and configuration files: 
my_li^ts.h 
ligbtjdefinitionsii 
GUI_config^file.h 
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Dyiia]iiicJLocalized_Striiigsii 

The **my_ligbts Ji" ffle is referenced botib by DiredLi^t and DirectLi^ GUI Setup.exe. "myjights Ji" in turn 
references "lightjdefinitions Ji" The other files are referenced only by DirectLight GUI Setup. Both the DLL and the 
Setup program use a registy entxy to find these files: 



HKEYJLOCALJ^CHINBVSoflwareNColor .OO.OOOMocation 

Also included in this directory is this documentation, and subfolders: 
10 FX_Libraries contain lighting effects which can be accessed by DirectLights. 

Real Light Setup contains a graphical editor for changing info about the real lights. 

Sample Program contains a copiously conomented program demonstrating how to use DirectLight 

DkeciLig^COM. 

15 

The DirectLig^ DLL implements a COM object vdiich encapsulates the DirectLigiht functionality. Hie DirectLight 
object possesses fte DirectLight inter&ce, i^ch is used by the client program. 

In order to use the DirectLight COM object, tiie machine on which you will use the object must have the DirectLight 
20 COM server registered (see above: Important Stuff You Should Read First). If you have not done ibis, the Microsoft 
COM runtime library will not know where to find your COM server (essentially, it needs the padi of 
DfrectLightdll). 

To access the DirectLigJit COM object from a program (we'll call it a client), you must first include **directlighth'% 
25 vAdch contams the definition of the DirectLight COM interface (among otfier tilings) and ''dnectligbt.Lc", vi4iich 
contains tfie definitions of the various UIDs of the objects and inter&ces (more on this later). 

Before you can use any COM services, you must first initialize the COM runthne. To do tiiis» call the CoMtialize 
function with a NULL parameter 

30 

CoInitialize(NULL); 



For our purposes, you donH need to concern yourself with the return value. 

35 

Next; you must instantiate a Du^ctLight object To do this, you need to call the CoOeatelnstance function. This will 
CTeate an instance of a DirectLigfht object, and will provide a pointer to the DirectLight interfiuse: 



HRESULT hCOMError = 
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CoCrealeInstance( CLSIDjCDirectIJght» 

NULL, 

CLSCEXLALL, 
IID^IDirectUght, 

5 (void**)&pDirectLight); 

CaLSID_CDirectLight is Ae identmer (declared in directlight J.c) of the DirectLight object, IID JDirectLight is the 
identifier of the Dh-ectLight mterface, and pDirectLight is a pointer to the implementation of the DirectLight 
interface on the object we just instantiated. The pDirectLight pointer wiU be used by the rest of die cHent to access 
10 the DiiecO.ights functionality. 

Any error returned by CoCreatelnstance will most likely be REGDB JE^CLASSNOTREG. which hidicates that the 
class isn't re^stCTed on your machme. If 1hat*s the case, ensure that you ran the Register DkectLight program, and 
try again. 



15 



20 



When you're cleaning up your app, you should include die following tiiree lines: 

//kill the COM object 
pDirectLight->ReleaseO; 

// We ask COM to unload any unused COM Servers, 
CoFreeUnusedLibrariesO; 



// We're exiting this ^p so ^ut down the COM Library. 
25 CoUnmitializeO; 

You absolutety must release die COM interfece when you are done usmg it Faihwe to do so will result in the object 
remaining m memory after the termination of your i^p. 

30 CoFreeUnusedLibrariesO wiU ask COM to remove our Directt^ight fectory (a server that created the COM object 
when we called CoCreatelnstanceO) from memory, and CoUninitializeO wttl shut down the COM library. 



35 DirectLight Class 

The DkectLight class contains die core functionaHty of die APL It contauis flmcdonaUty for setting ambient light 
values, global brightness of all the lights (gamma), and adding and removfaig virtual lights. 
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1^: 



eniim Projectionjrype{ 

SCAIBJ3Y_VIRTUALJDISTAMCE_TO_CAMBR^ « 0, 

5 SCALB_BY_DISTANCB_AND_ANGI£ » 1, 

SCALE_BY_DISTANCE_VIRTUAL_TO_REAL « 2 }; 
For an explanation of diese values, see Trojection Types" in Direct Li^t Class 

enum Lightjrype{ 
10 C_75=0, 

COVE_6 = l}; 

For an explanation of these values, see "Light Types" in Direct Light Class, or look at the online help for 
"DirectLight GUI Setiqp." 

15 enumCurveJIVpe{ 

DIRECTLIGHTLINEAR = 0, 
DIRECTLIGHTJOTONENTIAL" 1, 
DIRECTLIGHTJLOGARITHMIC = 2 }; 
These values represent different curves for ligjiting effects when &ding fiom one color to anotiier. 



Pubhc Member Functions: 



void Set_Ambient_Light( intR, 

intG, 

25 intB ); 

The Set_AmbientJLigjht fimction sets the red, green and blue values of the ambient light to the values passed into 
the function. These values are in die range 0 - MAXJLIGHT_BRIGHTNESS. The Ambient li^t is designed to 
represent constant or **Room Lights" in die application. Ambient Lig^ can be sent to any or all real of die real-world 
liglits. Each real world light can include any percentage of die ambient light I 



void Stir_Lights( void *user_data ); 
StirJLights sends light information to die real world lights based on the light buffer created widiin DirectLi^ts. The 
DirectLight DLL handles stirring the lights for you. This function is normally not called by the application 



Virtual^Ligbt ♦ Submit^VhtualJLightC float xpos, 

float ypos, 
float q>os, 
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intred, 
iotgreai, 
intblae ); 

Submit Virtual_Light creates a Virtual_Light instance. Its virtual position is specified by Hie first three values 
passed in. ifs color by Ae second three. The position should use appUcation space coordinates. The values fac the 
color are ni the range 0 - MAX_UGHT_BRIGmNESS. This fimctionretunis a pofater to the ligjit created. 



voidRemove_Virtual_Light( VirtualJLight * bad_Ught ); 
10 Given a pouiter to a Virtual_Li^ mstance, Remove_Virtoal_Light will delete the virtual light 



void Set_Gainma( float ganuna ); 
ITieSet.Ganimafimction sets the gamma vdueoftheDhect light data stnicture. 
15 theoveraUvalueofanthelights,aseveryvirtualli0itismultipUedbyflieganimavai™ 

the real limits. 



voidSetjCutofifRangeC fioat cutoflLrange )! 
20 Set.CutoffRange sets the cutoff distance from the camera. Beyond this distance virtual Ughts will have no on 
real-world lights. Set the value high to allow virtual lights to affect real world Ughts from a long way away. If the 
value is small virtual lights must be close to the camera to have any effect The value should be m appUcation space 
coordinates. 



25 



void Clear JUlJReaLLightsC void ); 
aear_AlLUgbts destroys all real li^. 



30 void Project_All_Lights( void ); 

ProjectJULLiglits calculates the effect of every virtual on eveiy real-world light, taking into account gamma, 
ambient and dynamic contributions, position and projection mode, cutoff angle and cutoff range, and sends the 
values to every real-world light 
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void Set Jndicator_Color( mt v*ich_indicator, 

intred, 
intgre^ 
intbhie ); 
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Indicators can be assigned to any of the real world lights via tiie configuration file( mx.li^]ts Ji ). Each indicator 
must have a unique non-negative mt^er ID. SetJndicatorjColor changes the color of the indicator designated by 
v4iidi_indicator to Ae red, green, and blue vahies specified If Set_Indicator_Color is called vriOi an mdicator id 
which does not exists noflung will happen. Hie user specifies which lights should be indicators, but note that limits 
ttat are indicators can still be efifectedby die ambient and dynamic limits. 



Indicator Get_Indicator( int ^ich_indicator ); 
Returns a pointer to the indicator witii the specified value. 

10 

int Get_Real_Li^t_Comit( void ); 
Returns the number of real lights. 

15 

voidGet34:yJLights_Location( char bnflBBr[MAX_PATH] ); 
Looks in the dhectoiy and finds tiie path to the "my.lights Ji" file. 

20 void Load_RealJLigJit_Ck)nfiguration( char * fuUpath = NULL ); 

Loads the "my_lights.h" file fi-om the default location determined by the registry. DirectLight will CTeate a list of 
real lights based on the information in the file. 

25 void Submit_ReaLLight( char * indentifier, 

mtDMX_port, 

Frojectionjiype projecdonjtype, 
int indicator^number, 
float add_ambient, 

30 float add_dynamic, 

float gamma, 
float cutofifjangle, 
float X, 
float y, 

35 float z ); 

Orates a new real light in the real world. Typically DirectLight will load the real light information fix>m tiie 
"my^lights Ji" file at startiQ). 
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voidRmoveRearLight( RealJLi^* deadLlight ); 
Safely deletes an instance of a real li^ 



5 



Li^t GetAmbimtLight ( void ); 



Returns a pointer to the ambient light 

bool RealLightListEn^ty ( void ); 
10 Returns trae if the list of real lights is empty, felse otherwise. 



Light Class 

15 

Ambient lights are defined as lights. Li^ class is the parent class for Virtual Lights and Real U^xts. Member 
variables: 

static const int MAXJLIGHT_BRIGHTNESS. Defined as 255 

20 

LightingFXJList * mJFX^currentlyjBttached. A list of tiie eflG&cts currently attached to this light 

ColorRGB m_color. Every light must have a color! ColorRGB is defined in ColorRGB Ji 

25 void AttachJFX( LightmgFX ♦ newJFX ) 

Attach a new lighting eflfect to tiiis virtual lig^ 

void Detach JFX( LightingFX * oldJFX ) 
Detach an old lighting effect firom this virtual light 



35 Real Light uiherits fixjm the Light class. Real lights represent li^ts in tiie real world. Member variables: 
static const int NOT_AN_INDICATOR_LIGHT defined as -1. 



30 



Real Lights 



44 



Br4SOOaD: <WO 02101702A3_IA> 



wo 02/101702 PCTAJS02/19000 

char mJdentifieiflOO] is llie name of the li^t ( like "ovoiiead** or "covelightl'O. Unused by pirectLigjbt except as a 
debugging tooL 

int DMX^port is a unique non-negative integer representing die channel the given light will receive mformation on. 
5 DMX information is sent out in a buffer widi 3 bytes (red, green and blue ) for each light (DMXj>ort * 3) is 
actually die index of die red value for die specified light DirectLi^ DMX buffers are 512 bytes, so DuectLig^t 
can support approximately 170 lights. Large bufifers can cause performance problems, so if possible avoid using 
large DMX_port numbers. 

10 Light_Type mjtype describes the different models of Color Kinetics lights. Currently unused except by DirectLight 
GUI Setup to display icons. 

float m_addjambient the amount of ambient liglit contribution to diis lights color. Range 0-1 
15 float m^addjdynamic die amount of dynamic light contribution to this lights color. Range 0-1 
float mjgamma is the overall brightness of this ligiht Range 0-1. 

float m_cutoff_^angle detennines how sensitive the light is to the contribtions of the virtual lights around it Large 
20 values cause it to receive information from most vitual lights. Smaller values cause it to receive contributions only 
from virtual lights in the same arc as the real light 

Projectionjiype m_projectionjtype defines how the virtual lig^ map onto the real lights. 

SCALE_B Y^VIRTUAL^DISTANOB jrO_CAMERA_ONLY diis r«al hgjht wfll receive contributions from 
25 virtual li^ts based soley on the distance from the origin of the virtual coordinate system to the position of 

the virtual light The virtual light contribution &des linearly as the distance from the origm approaches die 
cutoff range. 

SCALE J3Y_DISTANCE_AND_ANGLE tiiis real light will receive contributions ftom virtual lights based on 
the distance as computed above AND die difference in angle between the real ligjit and the virtual light 
30 The virtual light contribution frides linearly as the distance from the origin approadies the cutoff range and 

the angle approaches the cutoff angle. 
SCALE JBY_DISTANCE_VIRTUAL_TO_REAL this real light will receive contributions from vntual lights 
based on the distance in 3-space from real light to virtual light This mode assumes that the real and virtual 
coordinate systems are identical. The virtual light contribution fiides linearly as the distance from real to 
35 vntual approaches the cutoff range. 

float mjqpos x,y,z position in virtual space, 
float m^ypos 
float m_2^os 
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int m.indicator jiumber. if indicator is native Ihe li^ is not an indicator. If it is non-negative it wiU only receive 
colors sent to that indicator number. 



Virtual Lights 

Virtual Lights represent light sources witiiin a game or other real time application that are mapped onto real-world 
Color Kinetics Ughts. Virtual Lights may be raeated, moved, destroyed, and have thek color changed as often as is 
10 feasible within the application. 



static const int MAXJLIGHTJBRIGHTNESS; 
MAXJLIGHTBRIGHTNESS is a constant representing the largest value a Ugjit can have. In ike case of most 
1 5 Color Kinetics lights Ibis value is 255 • Lights are assumed to have a rai^e that starts at 0 



void SetjColor( intR, 

mtG, 

20 intB ); 

The Set_Color fimction sets the red, green and blue color values of the virtual light to the values passed mto the 

fimction. 



25 void SetJPositionC float xjpos, 

float y_pos, 
float z_pos ); 

The Set^Position function sets tiie position values of the vhtual Ught to fixe values passed into the fimction. The 
position ^ould use implication space coordinates. 

30 

void Get_Position( float *x_j)0s, 

float *y_j)0S, 
float *zj>os ); 

35 Gets the position of the light 



LightiiigFX 
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TJghting FX are time-based effects which can be attached to real or virtual lights, or indicators, or even the ambient 
lig^t Li^ithig effects can have other effects as diildren, in vMch case the children are played sequentially. 



static const mt FXjOFF; Defined as -1 . 

static const int START_TIME; Times to start and stop the effect This is a virtual value. The 

static const int STOPJTIME; individual effects will scale their time of play based on the 

total. 



void Set_Real_Time( bool RealJTime ); 
If TRUE is passed in, this effect will use real world time and xspdato itself as often as StirJLi^its is called. If FALSE 
is passed in the effect wiU use appUcation time, and iQidate every time Apply-FX is called. 



void Set_Time_EKtrapolation ( bool extrapolate ); 
If TRUE is passed in, this effect will extr^late if s value when StirJLights is called. 



void Attach_FX_To_Light ( Light * the_light ); 
Attach Has effect to the light passed in. 



25 void DetachJFXJProm^Light ( Li^ * die Jigjit, 

bool remove JFX_frcmi_light = true ); 
Remove this effecf s contribution to die li^t ff r^ove_FXjBx>m_light is true, tiie effect is also detached fcom tb.e 
Ught 

30 The above functions also exist as versions to effect Virtual lights. Indicator ligjits (referenced either by a points to 
the indicator or if s number ), Ambient ligjit, and all Real Lights. 



void Start ( float FXjplayjdme, 
35 bool loopmg = fidse ); 

Start the effect If looping is true the effect will start again af^ it mds. 



void Stop ( void ); 



20 
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Stop the efiect wiOiout destroyhig it 



void Time_Is JJp ( void ); 
5 Eitlier loop or stop playing the effect, since time it up for it 



void UpdateJTime ( float time^passed ); 
Change how much game time has gone by for this effect 

10 

void UpdateJElealjrime ( void ); 
Find out how much real time has passed for this effect 



15 

void Update JExtrapolatedJTime ( void ); 
Change the FX time based on extrapolating how much application time per real time we have had so &r. 



20 virtual void Apply_FX ( ColorRGB &basejcoIor ); 

This is die principle lighting function. When Lighting_FX is inherited, this function does all the important woric of 
actually changing the lights color values over time. Note tiiat you can choose to add your value to the existmg li^ 
value, replace the existing value with your value, or any combination of die two. This way Lighting effects can 
override the existing lights or sinq>]y siq)plant them. 

25 

static void Update_AllJFX_Traie ( float timejassed ); 
Update die time of all the eflbcts. 

30 

void Apply_FXjro_All_VirtuaLLights ( void ); 

Apply this effect to all vutual, ambient and indicator lights tiiat are appropriate. 

35 void Apply_All_FX.To_All_Vutual_Lights ( void ); 

Apply each effect to all virtual, ambient and indicator lights that are ^^propriate. 



void Apply.AllJFXJTo _RealJLight ( RealJLight * fliejreal Jight ); 
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^iply this effect to a single real light 



void StartJSTextjCMdFX ( void ); 
S If diis effect has child effect, start the nejct one. 



voidAdd_ChadFX( LightingFX * 1he_child, 

float timeshare ); 

10 Add a new child effect onto the end of the list of child effects that this effect has. Timeshaie is tiiis child's share of 
the total tune Ifae effect will play. The timeshares dont have to add up to one, as the total shares are scaled to match 
Ifae total real play time of the effect 



15 void Become_Child_Of ( Ughting^FX ♦ the_paient ); 

Become a parent of the specified effect 



void Inherit_Light_List ( Affected_Lights * our^lights ); 
20 Have this effect and all if s children inherit the list of lights to affect 



25 CcmfigimitionFile 

The file *^yji^htsii** contains information about real-world lights, and is loaded into the DirectLig^ system at 
startup. The files **n]y_lig^ Ji" and *'light_definitions.h" must be included in the same dkectoiy as 1he application 
using DirectLights. 



*'my_lightsii** is created and edited by &e DirectLight GUI Setup program. For more information on how to use the 
program check the online help within the program. 

Hese is an ^cample of a *'my_lig;hts.h'^ file: 



iiniuiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiim 
II 
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//my_lightsJi 
// 

// ConfigUFation file for Color Kinetics lights 
// usedbyDirectLights 
5 // 

// This ffle created willi DiiectLig^hts GUI Seti^ vl.O 
// 

iimuinimimiiiiiiiiniiiimiiim^^ 

10 // Load iq> the basic structures 
#include •'Ligbt^Defimtions Ji" 



// overall gamma 

float OVERALLQAMMA « 1.0; 

15 

// vdiich DMX int«£ice do we use? 
int DMXJNTEEUFACE.NUM = 0; 

20 // 

// This is a list of all the real lights in the world 
// 

Real_Ught my_UghtstMAXJLIGHTS] = 
{ 

25 //NAME PORT TYPE PRJIND AMB DYN GAMMA CUTOFF X Y Z 



"Ovffliiead", 


0. 


1. 


0, 


-1, 


1.000, 


0.400, 


1.000, 


3.142, 


0.000. 


-1.000, 


0.000, 


"Left", 


1. 


0, 


1. 


-1. 


0.000, 


1.000, 


1.000, 


1.680, 


-1.000, 


0.000, 


0.000, 


"Right", 


2, 


0. 


1, 


-1, 


0.000, 


1.000, 


0.800, 


1.680, 


1.000, 


0.00P, 


0.000, 


"Back", 


3, 


0, 


1. 


-1. 


0.000, 


1.000, 


1.000, 


1.680, 


0.000. 


0.000, 


-1.000, 


"LeftCoveO", 


4, 


0, 


1. 


0, 


0.000, 


0.000, 


1.000, 


0.840, 


-0.500, 


-0.300, 


0.500, 


"LeftCovel", 


5, 


0. 


1. 


1, 


0.000, 


0.000, 


1.000, 


0.840, 


-0.500, 


0.100, 


0.500, 


"LeftCove2", 


6. 


0, 


1. 


-1, 


0.000, 


0.000, 


1.000, 


0.840, 


-0.500, 


0.500, 


0.500, 


"CenterCoveO", 


7, 


0, 


1. 


-1, 


0.000, 


0.000, 


1.000, 


0.840, 


-0.400, 


0.700, 


0.500, 


"CenterCovel", 


8, 


0, 


1, 


-1, 


0.000, 


0.000, 


1.000, 


0.840, 


-0.200, 


0.700, 


0.500, 


"CenterCove2", 


9, 


0, 


1, 


-1, 


0.000, 


0.000, 


1.000, 


0.840, 


0.200, 


0,700, 


0,500, 


"CenterCoveS", 


10, 


0. 


1, 


-1, 


0.000, 


0.000, 


1.000, 


0.840, 


0.400, 


0.700, 


0.500, 


"RigWCoveO", 


11, 


0, 


1. 


2, 


0.000. 


0.000, 


1.000, 


0.840, 


0.500, 


0.500, 


0,500, 


"RightCovel", 


12, 


0, 


1, 


-1, 


0.000, 


0.000, 


1.000, 


0.840, 


0.S00, 


0.100, 


0.500, 


"Righ*Cove2", 


13, 


0, 


1, 


-1. 


o.ooo. 


0.000, 


1.000, 


0.840, 


0.500, 


-0300, 


0.500, 
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}; 



5 This example file is taken from our ofBces; where we had lights setup around a computer, widi tbe following li^ts 
(referenced from someone sitting at the monitor): One overhead (mostly ambient); one on each side of our head 
(Left and Right); one behind our head; Three each along the top, left and right side of tiie monitor in front of us. 

Each line in the ^'my^lights" file represents one Real_Light. Each RealJLight instance represents, surprise surprise, 
10 one real-world light 

Hie lower li^ts on Ifae left and rig^t side of ftie monitor are indicators 0 and 2, the middle ligiht on the left side of 
Ifae monitor is indicator 1. 

15 The positional values are in meters. Z is into/out of the plane of the monitor. X is vertical in &e plane of the 
monitor, Y is horizontal in the plane of the monitor. 

MAXJJGHTS can be as high as 170 for each DMX universe. Each DMX universe is usually a single physical 
connection to the computer (COMl, for example). The larger MAX_LIGHTS is, the slower the lights will respond, 
20 as MAX_LIGHTS determines the size of the buffer sent to DMX (MAX_LIGHTS ♦ 3) Obviously, larger buffers 
will take longer to send. 

O VERALLjGAMMA can have a value of 0 - 1 . This value is read into DirectLights and can be changed during 
run-time. 

25 

Having fhus described several illustrative embodiments of the invention, various 
alterations, modifications, and improvements wdll readily occur to those skilled in the art. Such 
alterations, modifications, and improvements are intended to be within the spirit and scope of the 
30 invention. Accordingly, the foregoing description is by way of example only, and is not intended 
as limiting. The invention is linuted only as defined in the following claims and the equivalents 
thereto. 

What is claimed is: 
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Claims 

We Claim: 

1 . A method for controlling a pliirality of light systems, comprising: 
5 providing a plurality of light systems adapted to receive wkeless communications; 
providing a trananitter adapted to transmit wireless communication signals; 
transmitting a lighting control signal from the transmitter to the plurality of light systems; and 
nliflngiTig a light effect generated by at least one of the plurality of light systems in response to 
the lighting control signal. 

10 

1. The method of claim 1 wherein the step of providing a plurality of light systems 
comprises providing a plurality light systems adapted to produce color-changing effects. 

3. The method of claim 2 wherein the step of providiag a plurality li^t systems adapted to 
15 produce color changing effects comprises providing a plurality of LED based light systems 

adapted to produce color changing effects. 

4. The method of claim 3 vdiereui the step of providing a plurality of LHD based light 
systems adapted to produce color changmg effects comprises providing a plurality of uniquely 

20 addressable 1^0 based light systems adapted to produce color changing effects. 

5. The method of claim 1 further comprising the step of arranging tiie plurality of light 
systems in an audience. 

25 6- The method of claim 5 wherein the step of changmg a light effect generated by at least 
one of the plurality of light systems in response to the lighting control signal comprises changing 
a light effect generated by the plurality of light systems in the audience. 

7. The method of claim 6 wherein the step of arrangmg the plurality of light systems in an 
30 audience comprises arranging the plurality of light systems in an audience of a stadium. 
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8. The method of claim 7 wherein the stadium comprises at least one of a football stadimn, 
Olympic stadium, soccer stadium, baseball stadium, track and field stadiimii, indoor stadium, and 
outdoor stadium. 

5 9. The method of claim 6 wherein the step of arranging the plurality of light systems in an 
audience comprises arranging fhe plurality of light systems along a parade route. 

10. The method of claim 1 herein fhe wireless communication signals comprise RF signals. 

10 11. The me&od of claim 1 v^erein the wireless communication signals comprise IR signals. 

12. The method of claim 1 wherein flie wireless communication signals comprise microwave 
signals. 

15 13. The method of claim 1 wherein the wireless communication signals comprise acoustic 
signals. 

14. The method of claim 1 wherein the transmitter is further adapted to transmit omni- 
directional lighting communication signals. 

20 

1 5. The method of claim 1 \;^erein the transmitter is further adapted to transmit directional 
lighting communication signals. 

16. The method of claim 15 further comprising the step of directing the directional 

25 communication signals such that a portion of the plurality of light systems may be affected by 
the directional communication signals. 

1 7. The method of claim 1 6 furiher comprising the step of changing the direction of the 
directional commuiucation signal such that a second portion of the plurality of lig^t systems is 

30 affected by the directional communication signals. 
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18. The method of claun 1 wherein the step of transmitting a lighting control signal &om the 
transmitter to the plnrality of light systems comprises transmitting a lighting control signal from 
the transmitter to the plurality of light systems in a pattern. 

5 19. The method of claim 1 8 wherein the pattem comprises a raster pattern. 

20. The method of claim 1 8 wherein the pattem comprises a static pattern. 

21 . The method of claim 1 8 wherein the pattem comprises a dynamic pattern. 

10 

22. The method of claim 1 8 wherein the pattem comprises at least one of an Olympic ring 
pattern, a logo, a team logo, a trademark, a team trademark, an advertisement, and an image. 

23. The method of claim 1 wherein the step of transmitting a lighting control signal from the 
15 transmitter to the plurality of light systems comprises transmitting a blanking control signal from 

the transmitter to the plurality of light systems. 

24. The method of claim 23 wherein the step of changmg a light effect generated by at least 
one of the plurality of light systems in response to the lighting control signal comprises turning 

20 at least one of the plurality of light systems off in response to the blanking signal. 

25. The method of claim 23 Mdierein the step of changing a light effect generated by at least 
one of the plurality of light systems in response to the lighting control signal comprises turning 
at least one of the plurality of light systems to a set color in response to the blankmg signal. 

25 

26. The method of claim 1 wherein the step of transmitting a lighting control signal from the 
transmitter to the pltirality of light systems comprises transmitting an initiation signal control 
signal from the transmitter to the plurality of light systems. 

30 27. The method of claim 26 wherein the step of changing a light effect generated by at least 
one of the plurality of light systems in response to the lighting control signal comprises 
executing a lighting program in at least one of the plurality of light systems in resfponse to the 
initiation signal. 
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28. The method of claim 1 wherein the step of changing a light effect generated by at least 
one of the plurality of light systems comprises changing a light effect generated the plurality of 
light systems. 

5 29. The method of claim 28 wherein the effect generated by the plurality of light systems 
appears coordinated. 

30. The method of claim 28 vydierein the effect generated by the plurality of light systems 
generates a pattern. 

10 

3 1 . The- method of claim 30 \^erein the pattern is apparently a static pattern. 

32. The method of claim 30 wherein the pattern comprises a dynamic pattern. 
15 33 . The method of claim 30 wherein the dynamic pattern is color changing. 

34. The method of claim 1 further comprising the step of: 

providing a light management fecility for moping the positions of the plurality of light 
systems; 

20 generating a map file that maps the positions of the plurality of li^t systems; 

generating an effect using a computer application; and 

associating characteristics of tiie light systems with code for the computer application. 

35. The method of claim 34 wherein generating the effect comprises generating a computer 
25 graphics file. 

36. The method of claim 35, wherein the file comprises at least one 2D graphics file. 

37. The method of claim 35, wherein the file comprises at least one 3D gr^^hics file. 

30 

38. The method of claim 34, wherein generating the effect comprises using at least one of a 
bitmap and a vector coordinate. 
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39. The method of claim 34, wherein generating the effect comprises using a generation 
function. 

40. The method of claim 34, v^iierem the Ught management fedlily generates a configuration 
file for the plurality of li^t systems that stores at least one of the position, intensity, color, 
illumination characteristics, location, and type of the lighting system. 

41 . The method of claim 40, vdierein a configuration file is generated by associating a 
lighting system with a location in an environment 

42. A method for controlling a plurality of light systems, comprising: 

providing a plurality of light systems wherein each of the plurality of light systems is 
adapted to execute a program at a predetermined time; 
assembling the plurality in an environment; 

executing tiie program in each of the light systems at the predetermined time to provide a 
lightmg effect fi»m each of the light systems in tiie pluraHty of Ught systems. 

43. The method of claun 42 wherein the time corresponds witii an event 

44. The method of claim 43 wherein the event comprises a period of time corresponding to a 
portion of at least one of an Olympic event football event soccer event baseball event and 
sporting event 

45. The method of claim 42 wherein the predetermined time is determined diiring 
manu&ctiire of the each of the light systems of the plurality of light systems. 

46. The method of claim 42 wherein the predetermined time is determined at a time after 
manu&cture the light system. 

47. The mefliod of claim 42 wherein the step of assemblmg the pluraUty in an envkonment 
comprises assembling the plurality in an audiraice. 
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48. The method of claim 42 wherem the stsep of assembling the plurality in an environment 
comprises assembling the plurality in an stadium. 

49. The method of claim 42 wherein the step of assembling the plurality in an environment 
5 comprises assCTibling the pliu:ality in an parade route. 

50. The method of claim 42 wherein the lighting effect comprise a static pattern. 

5 1 . The method of claim 42 wherein the lighting effect comprise a dynamic pattem. 



10 



15 



52. A method of communicating with a lighting device, comprising: 

providing a mobile light system adapted to receive communication signals; and 
communicating with the light system to cause the light system to generate a lighting 

effect 

53. The method of claim 52 wherein the mobile lig^t system fiirther comprises a handheld 



54. The method of claim 52 wherein the mobile light system further comprises a transmitter. 

20 

55. The method of claim 52 wherein tiiie light syst^ comprises a color changing light 
system. 

56. The method of claim 55 wherein the color changing light system comprises a color 
25 changing LED light system. 

57. The method of claim 52 wherein flie step of conmiunicatuig witih the light system to 
cause the light system to generate a lighting effect comprises communicating with the light 
system to cause the light system to generate a lighting effect to indicate a person associated with 

30 the light systCTi has been tagged; 

58. The method of claim 52 wherein the lighting effect is a new lighting effect for the light 
system. 
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59. The method of claim 52 wherein tite lighting effect comprises a priority. 



60. The method of claim 58 v^erein the priority indicates the level of access a user has to the 
lighting effect from the light system. 

5 

61. The method of claim 58 wherein the priority changes a priority in the light system. 

62. The method of claim 58 wherein the priority changes the priority of a plurality of lightmg 
effects in the li^t system. 

10 

63. The method of claim 58 wherein the changed priority indicates the new lighting effect is 
the first priority. 

64. The method of claim 58 wherein the priority controls a level at which the lighting effect 
IS will be available. 

65. A light system, comprising: 

a color changmg light system ad£?)ted to receive wireless communications and generate a 
color in response to a received communication. 

20 

66. The light system of claim 65wherein the color chan g ing light system further comprises 
an LED based color changing light system. 

67. The light system of claim 66 wherein the LED based color changing Ught system is 
25 adapted to generate color changing effects using red, green and blue LEDs. 

68. The light system of claim 65, further comprising: 
a wireless transmitt«. 

30 69. An environment comprismg a plurality of light systems of claim 65 wherein each of the 
plurality of light systems is arranged in close proximity to another of the plurality such that a 
coordinated Ughting effect can be generated in the plurality of light systems. 
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70. Hie enviionment of claim 68 v<^ieieiii the envkonmeat comprises at least one of a crowd 
of people, audiaice, stadium, concert hall, indoor environment, outdoor environment, parade 
route, park, and amusement park. 

5 71 . The system of claim 65 wherein the light system is adapted to receive at least one of an rf 
signal, re. signal, microwave signal, electromagnetic signal, and acoustic signal 

72. The systaa of claim 65 wherein the color changmg light system is further adapted to 
execute a program upon receijit of an initiation signal. 

10 

73. The system of claim 65 v^erein the color changing light system is furflier adapted to read 
data &om the received communication and generate the color based on the data. 

74. The system of claim 73 wdierein the color changmg light system is further adapted to use 
15 a look-up table to generate the color. 

75. The system of claim 65 wherein the color changuig light S3^tem is further adapted to 
generate the color at a predetermined time. 

20 76. The system ofclaim 75 wherem the predetennmed time corresponds with an event. 

77. Hie system of claim 76 v^erdn the event comprises a time period associated with at 
least one of an Olympic event, football event, soccer event, baseball event, and sporting event. 

25 78. The environment of claim 69 vdierein the coordinated Ught effect comprises a static light 
effect 

79. TTie environment of claim 69 wherein the coordinated lig|it effect comprises a dynamic 
light effect 



30 



80. The environment of claim 69 wherein the coordinated light effect comprises an image. 

81. The environment ofclaim 69 wherein die coordinated light effect comprises apattem. 
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82. The enviromneat of claim 80 v^erein the pattern comprises an Olympic ring pattern, a 
logo, a team logo, a trademark, a team trademark, and an advertisement 

83. A lighting control system^ comprising: 

a controller adapted to generate a first lighting control signal; 

a wireless transmitter adapted to transmit the first lighting control signal to a light 

system. 



84. The system of claim 83 wherein the wireless transmitter is adapted to transmit the first 
10 lighting control signal directionally. 

85 . The system of claim 84 wherein the wireless transmitter is fiorther ads^ted to change the 
direction of the transnodssion. 



15 86. The system of claim 85 wherein the wireless transmitter is adapted to rotate the 
transmission about an axis. 



87. The system of claim 83 wherein the wireless transmitter is adapted to transmit the first 
lighting control signal over a wide area. 

88. The system of claim 83 wherein the controller is further adapted to generate a second 
lighting control signal and the wireless transmitter is fiirther adapted to transmit the second 
lighting control signal to at least a second light system. 



25 89. The system of claim 88 wherein the first lighting control signal and the second lighting 
control signal conq>rise differont data. 

90. The system of claim 89 wherein the transmitter is finther adapted to substantially 
simultaneously transmit the first lighting control signal and the second lighting control. 

30 

91 . The system of claim 83 A?dierein the controller fiirther comprises: 

a light management fecility for mapping the positions of a plurality of light systems and 
generating a map file that maps the positions of a plurality of light systems; 
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a compiiter ^pUcation adapted to g^erate an efT^ 

an association systatn adapted to associate characteristics of the light systems with code 
for the computer application. 

92. A system of claim 91, \v4ierein the computer ^plication is adapted to generate a 
computer graphics file. 

93. A system of claim 92, wherein tiie file comprises at least one 2D grq^hics file, 

94. A system of claim 92, wherein the file comprises at least one 3D graphics file. 

95. A system of claim 91, wherein the computer application is adapted to generate the effect 
using at least one of a bitmap and a vector coordinate. 

96. A system of claim 9 1 , wherein the computer application is adapted to generate the effect 
using a generation function. 

97. A system of claim 91, wherein the light management facility generates a configuration 
file for a plurality of light systems that stores at least one of the position, intensity, color, 
illumination characteristics, location, and type of the lighting system. 

98. A system of claim 97, wherein the configuration file is generated by associating a 
lighting system with a location in an enyiroimient 

99. A system of claim 98 wherein the environment is selected from the group consisting of a 
stadium, concert hall, and parade route. 

100. A system of claim 97, wherem the configuration file is generated by associating a 
plurality of addressable light systems with surfaces that are lit by the light systems. 

101. A system of claim 91, vs^erein the association system is adapted to generate code for the 
lighting control signal based on code for the computer application. 
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102. A system of claim 91, \siierem the association system is adapted to use an algorithm of 
the computer application to generate the lighting control signal. 



BNSDOaO: <WO ^02101702A3_IA> 



62 




BNSOOCIP: 4VV0i__(ei01702A3LJA> 



SUBSTITUTE SHEET (RULE 26) 




BNSOOCID: <WO__0210170aA3_IA> 



SUBSTITUTE SHEET (RULE 26) 



wo 02/101702 



PCT/US02/19000 



3/16 



8 



V 



V 






BNSOOaO: <WO___021017aeA3JA> 



SUBSTITUTE SHEET (RULE 26) 



wo 02/101702 



m 



PCT/US02/19000 



4/16 



V 



V 









V) o 




X < 




Q. ZE 


o 




< 


Si 


Li- 



BNSDOCID: <WO___02101702AaLIA> 



SUBSTITUTE SHEET (RULE 26) 



wo 02/101702 




PCT/US02/19000 



5/16 



r 



us 



00 



r 



POSITION 


























OTHER 
SYS. 


























INTENSITY 


0-100 
























COLOR 
RANGE 


0-16000 


0-16000 


0-16000 


0-16000 


0-16000 


0-16000 














LIT 
POSITION 


POLY001 


POLY001 


P0LY002 


POLY003 


POLY004 


POLY005 














POSITION 


ro 


1^ 
ro 


ro 


(0.0.0) 


(0.0.0) 


(O'O'O) 














UJ 

P 






[2 






P 














LIGHT 
SYSTEM 


LS001 


LS001 


LS001 


LS002 


LS002 


LS002 












LSOON 



CM 



to 



I 



SUBSTITUTE SHEET (RULE 26) 



BNSDOClD:<VVO. 



.02101 702A3JA> 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 021O17O2A3_IA> 




. BNSOOa.D:,«WOL__oai0170aA3_IA> 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 

BNSOOCID: <WO___(B1017(HA3_IA> 



WO 02/101702 PCT/US02/19000 



9/16 





V 







a: uj 




o 
< 


Q- 
< 









Oi 



/ 



o 
o 



BNSOOCID: <WO__0ei01702AaLlA> 



SUBSTITUTE SHEET (RULE 26) 



wo 02/101702 



PCTAJS02/19000 



10/16 



1002 




1000 



GENERATE 
IMAGE 



SELECT 
COLOR FROM 
PALETTE 



SELECTION 
PORTION OF 
IMAGE 



1003 



1004 



CONVERT 
SELECTION TO 
CONTROL SIGNAL 



COMMUNICATE 
CONTROL 
SIGNAL 



1008 



1010 



1012 



FIG, 10 



1102 




FIG, 11 



BNSOOCID: «SWO___0ei01T02A3JW> 



SUBSTITUTE SHEET (RULE 26) 



wo 02/101702 



PCT/US02/19000 



1200 



11/16 



CODE 
OBJECT IN 
APPLICATION 



1202 



CREATE 
INSTANCES FOR 
OBJECTS 



1204 



ADD LIGHT 
AS INSTANCE 



1208 



PROVIDE THREAD 
TO CODE 



1210 



DRAW INPUT 
SIGNAL FROM 
THREAD 



1212 



FIG. 12 



BNSOOQD: <WC) 021017aeA3JA> 



SUBSTITUTE SHEET (RULE 26) 



wo 02/101702 



m 



PCT/US02/19000 



12/16 



1300 



INITIATE 
THREAD 



RUN THREAD 
THROUGH VIRTUAL 
LIGHTS 



CORRELATE 
REAL LIGHTS TO 
VIRTUAL LIGHTS 



MAP VIRTUAL 
ENVIRONMENT TO 
REAL ENVIRONMENT 



1J02 



1304 



1308 



1310 



PROVIDE MAP 
INTERFACE 



1312 



FIG, 13 



BNSDOCID: •<WO^__0210170ZA3_W> 



SUBSTITUTE SHEET (RULE 26) 



wo 02/101702 



PCT/US02/19000 



13/16 




1408 



TRANSMITTER 



1500 



FIG. 14 



1404 



RECEIVER 



USER INTERFACE 
~^ 



1402 



TRANSMITTER 



1510 



1502 



FIG. 15 



1500 




BNSDoaft ■«wo;__oeioi7oaM_iA> 



SUBSTITUTE SHEET (RULE 26) 




BNSDOCID: <WO____02101702A3_W> 



SUBSTITUTE SHEET (RULE 26) 



IKITERI 



NAL SEARCH REPORT 



I^^Bonai Application No 

Pd JS 32/19008 



A. CUVSSinCA-nQf^QFSyWECTiaATT^^ 

IPC 7 H05B33/O8 He5B37/02 






According to IntBmatfonal Patent Classification (IPC) or to both national classification and IPC 




B. RELDS SEARCHED 


Minimum documentation searched (dassUication system (bllowed by dasslflcation symbols) 

IPC 7 H05B 


Documentation searched ottter than minimum documentation to ttie extent ttiat such documents are Included in the fields searched . 


Electronic data base consulted during the international search (name of data has 

EPO- Internal 


»e and, where pracUcat, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, whh indicafion, where appropriate, of the relevant passages 


Relevant to dabn NO. 


X 


US 4 780 621 A (BARTLEUCCI FRANK J ET AL) 
25 October 1988 (1988-10-25) 

column 1, line 35 -column 6» line 24; 
figures 1-4 


1-3.10. 
11. 

28-33, 
65-69. 
78.79, 
81.83 


X 
Y 


US 4 656 398 A (MICHAEL ANTHONY J ET AL) 
7 April 1987 (1987-04-07) 

column 1, line 24 -column 10, line 61; 
figures 1-15 


1-3,10, 
11.28. 
65-68,83 
3.4 






•/-- 




[ )([ Furtherdocuments are Hsted in tfie continuation of box C. 


[X \ Patentfamfly members are listed In annex. 


Special categories of dted documents : 

*A" document deYlnIng the genera) slate of the ait which Is not 

considered to lie of p^cular reievance 
"E* eariier document but ptftiDshed on or after the fritemational 

fifing date 

'L" doGument which may throw doidits on priority cfalm(s) or 
which is died to establish the publication date of another 
dtation or other special reason (as specified) 

'Xy document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international fifing date but 
later than the priority data claimed 


T" later document published after the international filing date 
or priority data and not In conflict with the a(^)Iication but 
ched to understand the prindple or theoty underlying the 
invention 

"X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document is taken alone 
document of particular reievance; the clafaned Invention 
cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

*&" document member of the same patent family 


Date of the actual oompletlbn of the International search 

5 November 2002 


Date of maHlng of the International seanoh report 

1 a OZ 3)03 


hJame and maQIng address of the ISA 

European Patent Offlce, P.B. 5816 Palentlaan 2 
(^-2280HVRQswiIk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340^16 


Authorized officer 

Albertsson, E 



form PGTyiSAy210 Second sheeQ Wy 1892) 



BNSOOaO: <Wd__0eiO1702A3_IA> 



J 



INTERNAflPflAL SEARCH REPORT 


In^^^Bnal Applteation No 

P( IS 02/19000 


C.(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category** 1 


citation of dooumenu wBh lndlcatlon.where apprapriate. of 


Relevant to dainn No, 


X 1 

Y 


lie A MA 7m A fCALLAHAN MICHAEL) 
16 January 1990 (1990-01-16) 
column l.'line 24 -column 16, line 55; 
figures 1-11 




I. 2.10, 

II, 65.83 
3,4 


X 


lie /I nio con A fM&Dl^lflll A .1R ARMAS C ET 

AL) 17 April 1990 (1990-04-17) 

page 1. line 8 -page 5, line 35; figures 

1-8 




1,83 


X 


us 5 243 340 A INUKrlMlM KULr ti mlj 

7 September 1993 (1993-09-07) 
column 4, line 8 -column 5, line 68; 
figures 1-10 




1,2.65. 
83 


X 


US 5 225 765 A (CHESTER JOHN K ET AL) 
6 July 1993 (1993-07-06) 
column 20, line 64 -column 24, line 44; 
figures 1-6 


- 


I. 2.10. 

II, 65,83. 


X 


WO 95 02231 A (MOE NILSSEN LEIF) 
19 January 1995 (1995-01-19) 
abstract; figure 1 




1,83 


P.X 


WO 01 82657 A (COLOR KINETICS INC) 
1 Novonber 2001 (2001-11-01) 

page 6 -page 36; figures 1-27 




1-4.10, 
11. 

28-33, 
65-69, 
78,79,83 


P.X 


US 2002/047624 Al (STAM JOSEPH S ET AL) 
1 25 April 2002 (2002-04-25) 
page 3; figures 1-4 




1,83 


P.X 


WO 01 99475 A (COLOR KINETICS INC) 
27 December 2001 (2001-12-27) 
abstract; figures 1-10 




1,83 


P.X 


WO 02 40921 A (COLOR KINETICS INC) 
23 May 2002 (2002-05-23) 
abstract; figures 1-16 




1.83 



Form PCT/ISA/210 (contlnuaUon of sefxmd sheet) (July 1992) 



BNSIXX^ID: <WO ^021O17O2A3JA> 



INTERrOrriONAL SEARCH REPORT 



itional application No. 

PCT/US 02/19000 



Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 
This Intemational Search Report has ru>t been established in respect of certain claims under Article 1 7<2Ka) for the following reasons: 
1. nn Claims Nos.: 

— because they relate to subject matter not required to be searched by this Authority, namely: 



2. I I Claims Nos.: 

because they relate to parts of the Intemational Application that do not comply with the prescrilsed requirements to such 
an extent that no meaningful intemational Search can be carried out. specifically: 



3. I . I Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box 11 Observations where unity of invention is lacking (Continuation of Item 2 of first sheet) 
This international Searching Authority found multiple Inventions in this international application, as follows: 

see additional sheet 



1. 



□ As all required additional search fees were timely paid by the applicant, this Intemational Search Report covers all 
searchable claims. 



2. I I As an searchable claims could be searched without effort Justt^ng an additional fee, this Authority did not invhe payment 
of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this Intemational Search Report 
1 — ■ covers only tiiose claims for which fees were paid, specifically claims Nos.: 



4. I Y I No required additional search fees were timely paid by the applicant. Consequentiy, this international Search Report is 
restricted to the Invention first mentioned In the claims; It is covered by clainns Nos.: 

l-4a0*ll*28-33.65-69, 78-83 



Remark on Protest [ | The additional search fees were accompanied by the applicant's protest 

I I No protest accompanied the payment of additional seardi fees. 

Form PCT/iSA/210 (continuation of first sheet (1)) (July 1 998) 



BNSDOCID: <WO ^02101702A3_1A> 



International Application No. PCT/US 02/19099 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: l-4»10.11.28-33.65-69.78-83 



2. Claims: 5-9,70 



3. Claims: 12-17,71.84-90 



4. Claims: i8-22 



5. Claims: 23-27 



6. Claims: 34-41.91-100 



7. Claims: 42-51,72-77,101,102 



8. Claims: 52-64 



BNSOOCID- <VW) 0aiO17O2A3JA> 



to 

*» 



TIONAL SEARCH REPORT 

ofmatlon on patent famBy mombors 



International Appllootfon No 

PI IS 02/19096 



I OUOI II UUwUI 1 191 ii 




Publication 




Patent femily 


Publication 


cted tn search report 




date 




niember(a) 


date 


US 4780621 


A 


25-10-1988 


NONE 






US 46S6398 


A 


07-04-1987 


NONE 






US 4894760 


A 


16-01-1990 


US 


4797795 A 


10-01-1989 






US 


4527198 A 


02-07-1985 






US 


4947302 A 


07-08t1990 






6B 


2132329 A ,B 


04-07-1984 






GB 


2168138 A ,B 


11-06-1986 






US 


4697227 A 


29-09-1987 


US 4918690 


A 


17-04-1990 


AT 


130154 T 


15-11-1995 






AU 


619514 B2 


30-01-1992 






AU 


2824989 A 


01-06-1989 






AU 


630538 B2 


29-10-1992 






AU 


6990491 A 


18-04-1991 






AU 


640733 B2 


02-09-1993 






AU 


6990591 A 


02-05-1991 






CA 


1318719 C 


01-06-1993 






CA 


1326274 C2 


18-01-1994 






CA 


1326275 C2 


18-01-1994 






DE 


3854670 Dl 


14-12-1995 






DE 


3854670 T2 


17-10-1996 






EP 


0388436 Al 


26-09-1990 






GB 


2231426 A ,B 


14-11-1990 






GB 


2244576 A .B 


04-12-1991 






GB 


2244577 A ,B 


04-12-1991 






HK 


7693 A 


12-02-1993 






HK 


7793 A 


12-02-1993 






HK 


74696 A 


10-05-1996 






JP 


7085557 B 


13-09-1995 






JP 


3504066 T 


05-09-1991 






KR 


9702742 Bl 


08-03-1997 






SG 


86192 G 


04-12-1992 










Oil 1 O 1 QOO 






RU 


2090926 CI 


20-09-1997 






MO 


8904578 Al 


18-05-1989 






US 


5475687 A 


12-12-1995 






US 


4969147 A 


06-11-1990 






US 


4939728 A 


03-07-1990 






US 


5844888 A 


01-12-1998 


US 5243340 


A 


07-09-1993 


SE 


462698 B 


13-08-1990 






AT 


142812 T 


15-09-1996 






AU 


622719 B2 


16-04-1992 






AU 


4337689 A 


01-05-1990 






DE 


68927175 Dl 


17-10-1996 








68927175 T2 








EP 


0437474 Al 


24-07-1991 






JP 


2927852 B2 


28-07-1999 






OP 


4501035 T 


20-02-1992 






SE 


8803565 A ^ 


08-04-1990 






WO 


9004242 Al 


19-04-1990 






US 


5426429 A 


20-06-1995 


US 5225765 


A 


06-07-1993 


US 


4975629 A 


04-12-1990 






US 


4633161 A 


30-12-1986 






US 


4823069 A 


18-04-1989 



Rma PGT/ISAfiiO(pat8m lamBy annex) (July 



BNSOOCID: <WO_^02101702A3_IA> 



INTERNATIONAL SEARCH REPORT 

jrmaUon on patent family nwmheis 



International Application No 

P( S 02/19800 



Patent document 
citsd in search report 



Pubfioation 


I Patent family 


Publication 


date 


1 member(8) 


date 



us 5225765 



US 
US 
US 
US 
DE 
EP 
WO 
WO 



5672941 

53193G1 
5629607 
58217G3 
3585788 
0191838 Al 
8601365 Al 
8804875 Al 



A 
A 
A 
A 
Dl 



30-09-1997 
87-06 
13-05 
13-10 
07-05 
27-08 
27-02 
30-06 



1997 
1998 
1992 
1986 
1986 
1988 



WO 9502231 



19-01-1995 



NO 
AU 

WO 



940516 A 
7240194 A 
9502231 Al 



10-61-1995 
06-02-1995 
19-01-1995 



WO 0182657 



Ol-H-2081 



US 2002048169 Al 
AU 5913401 A 
WO 0182657 Al 

US 200207G688 Al 

US 2002171365 Al 

US 2002171377 Al 

US 2002163316 Al 

US 2002153851 Al 

US 2002130627 Al 

US 2002171378 Al 



25-04- 
07-11- 
61-11- 
13-06- 
21-11- 
21-11- 
07-11- 
24-10- 
19-09- 
21-11- 



2002 
2001 
2001 
2062 
2062 
2002 
2002 
2002 
2002 
2062 



US 2002047624 


Al 


25-04-2002 


NONE 




WO 6199475 


A 


27-12-2001 


AU 7001801 A 
WO 0199475 Al 
US 2002038157 Al 


02-01-2002 

27- 12-2001 

28- 03-2002 



WO 6240921 



23-05-2662 



AU 3947002 A 

WO 0240921 A2 

AU 4148402 A 

WQ 0245467 A2 

US 2002158583 Al 

US 2002152045 Al 

US 2002161197 Al 



23-05-2062 
11-06-2002 
06-06-2002 
31-10-2002 
17-10-2002 
61-68-2602 



fern PCT/ISAffilO (patanl tamly anrwx> (Julir 1992) 



BNSDOOD: <VVO.;____02101702A3_IA> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



JJ^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ; 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




THIS PAGE BUNK (us-'W 



